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I

Exploring Fractions

Math Standard I-2–Activities

Standard I:
Students will expand number sense to include operations with rational numbers.

Objective 2:
Explain relationships and equivalencies among rational numbers.

Intended Learning Outcomes:
1. Develop a positive learning attitude toward mathematics. 
6. Represent mathematical ideas in a variety of ways. 

Content Connections:

2

Background Information:

Students should build their understanding of fractions as parts of 
a whole and as division.  They need to see and explore a variety of 
models of fractions.  By using an area model in which part of a region 
is shaded, students can see how fractions are related to a unit whole, 
compare fractional parts of a whole, and find equivalent fractions.  
It is necessary to develop strategies for ordering and comparing 
fractions, often using benchmarks, such as ½ and 1.  Students should 
understand that between any two fractions, there is always another 
fraction (Adapted from NCTM, �Principles and Standards for School 
Mathematics, 2000). 

The number line becomes an important model for representing 
the positions of numbers in relation to benchmarks like ¼, ½, and 
1. Number line models are helpful in allowing students to compare 
fractions. For instance, they can decide that ¾ is greater than 2/5 
because 2/5 is less than ½ while ¾ is more than ½.

There are many ways to look at multiplying fractions beyond 
the traditional algorithm. These ideas will lead to deeper conceptual 
understanding taking students past the memorization of a rule.  This 
lesson will focus two key aspects. First, multiplying fractions can be 
looked at as repeated addition. 

For example:

¼ x 12= ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ + ¼ = 12/4 or 3

The second way of looking at multiplication is to see ¼ X 12 as one 
fourth of twelve wholes. The diagram below is divided into four equal 
groups, one is shaded. 
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Research Basis
National Council of Teachers of Mathematics. (2000). Principles and standards for school 

mathematics. Reston, VA.

The National Council of Teachers of Mathematics (NCTM) has 
been very outspoken about setting high standards and expectations 
for all students. All students can learn mathematics; just not all 
students learn in the same way. The Principles and Standards for School 
Mathematics (PSSM) by NCTM sets forth the ideal vision of all students 
to become mathematically powerful:    

A major goal of school mathematics programs is to create 
autonomous learners, and learning with understanding supports this 
goal. Students learn more and better when they can take control of 
their learning by defining their goals and monitoring their progress. 
When challenged with appropriately chosen tasks, students become 
confident in their ability to tackle difficult problems, eager to figure 
thing out on their own, flexible in exploring mathematical ideas and 
trying alternate solution paths, and willing to preserve. (NCTM, 2000 
p. 21). 

Brooks, J. G., & Brooks, M. G. (1993). In search of understanding: The case for constructivist 
classrooms. Alexandria, VA: Association for Supervision and Curriculum Development. 

According to the constructivist theorists, learning occurs when 
connections are made with prior knowledge. One tenet of the theory of 
constructivism focuses on connecting mathematical ideas to promote 
understanding so that students can apply that knowledge to new 
topics and to solve unfamiliar problems.  Deeper understandings are 
developed through the construction of relationships like those found 
in fractions, decimals, and percentages. Only through making these 
connections in mathematical topics can students develop deeper 
conceptual understanding.

Invitation to Learn

Let’s Talk About Fractions
Have the following problem on an overhead transparency or written 

on the board ready to be uncovered or projected: �Today is Student 
Appreciation Day at I.M. Electronics. That means you get ½ off the 
marked prices on all items. You decide to buy the iPod of your dreams. 
The price tag reads $350. While waiting to pay for your iPod you are 
informed that you are the 100th shopper for the day and will receive an 
additional 1/10 off your purchase.  What will you end up paying for 
the iPod?”



Utah State Office of Education/Utah State University 4-5

Math Standard I-2–Activities

Discuss with the students their thoughts about what ½ means. 
What does it represent? What are some everyday examples? (½ ton 
truck, ½ off a sale item, ½ dozen eggs, etc.). If students give the 
decimal and fraction equivalent, point out they are correct, but keep 
the focus more on the fractional representation.  Project/uncover the 
problem and have students work through the problem alone or in small 
groups. When most students are finished, have a discussion about what 
they think the correct answer is and HOW they got it. Really focus 
on the "how". Write student answers on the board/overhead by the 
problem. Tell them we will be returning to this question at the end 
math time today. When ready, return to the answers given and discuss 
methods used to get the answer. Also have several students model their 
thinking. Conclude by having students write the problem and their 
method for solving in their math journals.

Instructional Procedures: 

Part One: Multiplication of Fractions with a Model
1. State the content objective for the lesson: Students will 

be focusing on Standard I, looking at developing number 
sense with multiplication of rational numbers.  Narrow the 
focus in on Objective 4: Model and illustrate meanings of 
multiplication. By the end of the lesson, students should be 
able to model multiplication of fractions with manipulatives 
and be able to explain the activity to a partner. 

2. Ask what happens when you multiply a whole number by a 
fraction.

3. Pass out a sheet of 8½" x 11" white copy paper and 
approximately 30 beans to each student. Walk through 
having the students folding it in half. Then, fold again. Now 
it is divided into fourths. Ask the students to predict the 
fractional parts when they fold it again. The paper needs to be 
folded 4 times. (It should have 16 boxes when opened up)

4. Tell the students they are going to explore twelve different 
problems by modeling each one with beans and show their 
work pictorially. Hand out a copy of Modeling Multiplication of 
Fractions Sheet to each student. 

5. The first problem is 1/6 of 12 or 1/6 X 12. Model for the 
students on the overhead. We are trying to find 1/6 of the whole 
number twelve. Therefore, we need 12 beans. Count out 12. 
Now, take a closer look at the fraction, 1/6. The denominator 
represents how many ways we need to share 12, which is 6 
shares. Divide the beans into 6 shares, like this:  ++   ++  ++  

Materials
o	 Fraction Cards

o	 Beans

o	 Baggies

o	 Paper

o	 Modeling Multiplication 
of Fractions Sheet

o	 Problem with a Dozen 
Sheet

o	 Adding machine tape

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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++  ++  ++. Now, we need to continue to examine the fraction 
by looking at the numerator, 1. This says how many shares we 
want, ++. Now students look at how many are in that share: 2. 

6. Continue by looking at the next problem: look at whole 
number, then denominator, and finally the numerator. 

7. Have students use beans to model each problem, and then 
pictorially record the solution. 

8. After working on one or two problems together have the 
students try to model it on their own. Before sharing whole 
group, have the students discuss strategies and solutions for 
modeling multiplication of fractions with beans. 

9. Continue for the remainder of the problems circulating 
around the room, asking questions to solidify conceptual 
understanding:

a. Ask the students to explain the model and what each part of 
the model represents. 

b. How did this model relate to the traditional algorithm?

c. What does it mean to multiply fractions by a whole number? 

d. Can you make any generalizations?

e. Does this relate to any other operation?

10. After most students have completed the problems, ask the 
students to generate their own problems from the Modeling 
Multiplication of Fractions Reference Sheet. Have a whole class 
discussion based around their findings and focus on strategies 
that they used to solve the problems. 

Part Two: Numbers, LINE UP! 
1. Discuss that during this activity students will be focusing on 

sorting fractions, decimals, and percents on a number line using 
landmark strategies. If needed review what a “landmark” is.

2. Each student will receive an approximate three-foot length of 
adding machine tape. Each student will need to measure two 
and one fourth feet of adding machine tape. This will give 
students practice with measuring, especially lengths longer 
than a foot. Place strips horizontally on the desk. Write zero on 
the left end of the strip and one on the right end of the strip. 
Discuss briefly that the strip now represents one unit. This 
strip will be used to play a game in the next activity. Model the 
labeling as you go. 

3. Have the students fold the right end of their strip over to the 
left end and crease. Have them open their strip and observe 
that the crease makes it divided into two equal parts. Have the 
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students write “0/2” under the 0 on the left end, “1/2” on the 
crease, and “2/2” under the 1 on the right end. 

4. Students will be adding percentages to the strip. Discuss what 
would be the appropriate percentages for zero, one half, and 
one whole. Now write 0% under the zero, 50% under the ½, 
and 100% under 2/2. Finally, add the decimal equivalents to 0, 
.5 and 1. 

5. Explain that students need a strategy to facilitate examining 
fractions, decimals and percentages. Explain that they will be 
using the landmarks of 0%, 50%, and 100%, to approximate 
where numbers should be placed on a number line. Have 
students sort the decimals by the following criteria: closest to 
one, closest to ½ or closest to zero. Direct each group to discuss 
and then write about the method used to sort the cards. As the 
teacher, focus on what strategies and skills the students are 
using to place these decimals on the number line. For example, 
look the decimal .3, that is less than one half because it only has 
three tenths. It is two tenths away from .5 and 3 tenths away 
from zero. It is closer to one-half. 

6. Now, students will sort the fractions into the same three groups 
with a small group (3 to 4 students): closest to one, closest 
to ½ or closest to zero. Direct each group to discuss and then 
write about the method used to sort the cards. As the teacher, 
focus on what strategies and skills the students are using to 
place these fractions on the number line. For example, look the 
fraction 1/5. One is less than half of five, so it will be less than 
50%.  It is 4/5 away from one whole and 1/5 away from zero. 
Therefore, it is closer to zero. 

7. Continue with the percentages and pictures of fractions. See if 
students can see the connections between the cards. 

8. Have the students discuss how they sorted the cards. Discuss 
which one was the easiest to sort: decimals, fractions, 
percentages, or fraction pictures.  Now, talk to the students 
about the accuracy of the placement on the number line. 
Many students will have found decimals the easiest to order 
on the number line. Talk about this as another strategy to 
order numbers on the number line by converting all fractions 
to decimals. Model the algorithm of converting fractions to 
decimals.  

Part Three: Fraction Number Line 
1. This activity further expands students thinking on fractions, 

decimals, and percents and placing them on a number line. Play 
the game as a class as described below. Then divide into smaller 
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groups to explore more in depth. Use the fractions, decimal, 
and percentage cards. Use your adding machine tape as labeled 
in activity two. 

2. Mix up the sorted fractions and decimals. Deal out five cards to 
each player. Clarify that students are placing both fractions and 
decimals on the number line at the same time. 

3. The goal of the game is place as many cards as you can on the 
number line. There are certain rules to the game: 1) Once a card 
is placed on the number line, it may not be moved. 2) Cards 
must be in increasing order from 0% to 100%. 

4. Players must have five cards in their hands at all times until 
there are no more cards in the deck. On a turn, a player has 
three options: add a card in their hand to the number line, 
discard an unwanted card and draw another to see if they can 
play it, or pass if unable to play. 

5. Play continues until no players can add to their number line. If 
you choose, you can have the kids keep track of points as this 
motivates most students. +1 point of each card placed on the 
line and -1 point for each card left in each player’s hand.

Assessment Suggestions

1. Use Fraction NIM as a pre-assessment of student’s ability to 
decompose and compose numbers. 

2. Use the Problem with a Dozen activity to assess students 
understanding (see blackline).

3. Use a clipboard to record observations of students’ strategies, 
fluency and ideas throughout the lesson. 

4. Have students create their own number line and think of five 
fractions and/or decimals to place on a number line. Exchange 
papers with a partner. Students discuss their strategies for 
placing numbers on an open number line. 

5. Have students write in their journal about how they used the 
model to multiply fractions. They need to focus on: what does 
each part of the model mean, how to use the manipulatives, and 
how to check the accuracy of the answer. 

Curriculum Extensions/Adaptations/
Integration

•	 Play Fraction NIM- See explanation on black-line master

•	 Use the Numbers, LINE UP! adding machine strip to discuss 
probability and list the probability of different events on the 
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same line using sticky notes (i.e. the sun will rise tomorrow- 
100%).

•	 Look at the timelines in the different Ancient cultures: 
Mesopotamia, Egypt, Greece, and Rome, place the major 
important events on a number line.

•	 Examine how the Egyptians looked at fractions. The studies of 
rational numbers were integral to the building pyramids.  

Family Connections  

1. Have the students play the Fraction NIM game at home with the 
family. Students should explain their mental math strategies to 
their family.  

2. Search for a recipe containing fractions. Bring to class to create 
a delicious fraction recipe book. Have each student take his or 
her recipe and double, triple and/or quadruple the recipe. Have 
the students write how much each recipe will serve. Have the 
students draw the original recipe amounts, then draw the new 
doubled recipe. For example: ¼ cup of flour now is one-half of 
a cup.   

3. Research the game of NIM on the internet. Play the different 
versions of NIM, using whole numbers and objects. 

Additional Resources

Books
Fraction Action, by Loreen Leedy; ISBN 0-8234-1244-X

Fraction Fun, by David A. Adler; ISBN 0-8234-1341-1 

Piece = Part = Portion, by Scott Gifford; ISBN 1-58246-102-3

The Grizzly Gazette, by Stuart J. Murphy; ISBN 0-06-000026-0

Multiplying Menace: The Revenge of Rumpelstiltskin, by Pam Calvert; ISBN 1-27091-890-2

Web sites
http://www.rainforestmaths.com

http://mathstar.lacoe.edu/newmedia/integers/intro/media/intro_numberlines.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=18

http://mathstar.lacoe.edu/lessonlinks/integers/integers_main.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=80

http://www.thefutureschannel.com/index.php

http://www.rainforestmaths.com

http://www.mathnets.net

National Library of Virtual Manipulatives
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http://nlvm.usu.edu

     Fractions Visualizing

     Fractions – Parts of a Whole

     Fractions Bars

     Fractions Naming

     Fractions – Equivalent

     Fraction Pieces

Organizations
National Council of Teachers of Mathematics

1906 Association Drive, Reston VA  20191-1502

(703) 620-9840

http://nctm.org/

National Council of Supervisors of Math

6000 E. Evans Ave. #3-205, Denver, CO  80222

(303) 758-9611

http://www.ncsmonline.org/

Utah Council of Teachers of Mathematics

http://uctmonline.org/
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Steps to Model Multiplication of Fractions:

1. First, look at the whole number. That determines the number of beans to start with. 

2. Next, look at the denominator of the fraction. That shows you how many shares (ways to 
divide) the whole number.

3. Then, look at the nominator the fraction. That shows you how many shares you want to 
draw a box around. 

4.  Finally, look at how many beans you covered. That is the answer.

1. 1/6 of 12

1/6 of 12 = 2

2. 3/4 of 12 3. 7/12 of 12 4. 2/3 of 12

5. 2/5 of 10 6. 2/3 of 9 7. 1/3 of 12 8. 5/6 of 12

9. 3/5 of 10 10. 2/4 of 16 11. 4/5 of 15 12. 3/8 of 16

Now You Try! Make up your own problem by adding a numerator to each problem.

13. ?/8 of 16 14. ?/9 of 36 15. ?/6 of 24 16. ?/8 of 32

EXPLAIN THIS TO YOUR PARTNER… LET ‘S TALK ABOUT MATH!

Can you see a pattern?

Try this…

1/4 of 12

2/4 or 1/2 of 12

3/4 of 12

4/4 of 12

Modeling Multiplication of Fractions Sheet
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Each problem has a dozen eggs. For example: ½   Find ½ of twelve equals 6.
X X X
X X X

 Draw a model for each problem. Look at the numerator and denominator for hints on 
what to do. The denominator tells you how many shares. The numerator tells you the number 
of shares you need. 

1/3 2/3 3/3

1/4 2/4 3/4 4/4

1/6 2/6 3/6 4/6 5/6 6/6

1/12 2/12 3/12 4/12 5/12 6/12

7/12 8/12 9/12 10/12 11/12 12/12

Problem with a Dozen
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5
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.5
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Decimal Sorting Cards
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Fraction Sorting Cards
1 5

2 10
1 4

2 8
8 10

5 5

4 10
5 10

8 16
4 5

2 5

6 10
3 4

15 20
15 15

3 5
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Fraction Picture Sorting Cards
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20% 25% 40% 50%

60% 75% 80% 100%

Percent Sorting Cards
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FOCUS: Students will use mental math to add fractions to a target number.

Directions:

First, choose a target number between 5 and 20. 

Next, the first player places a token on the board and states the number. 

Then, the next player places another token on the board and mentally adds that number to 
the first number. Continue taking turns. 

Last, the goal is to be the person who adds the last number to equal the target number. 

2 2 2 2 2

1 1 1 1 1

¾ ¾ ¾ ¾ ¾

½ ½ ½ ½ ½

¼ ¼ ¼ ¼ ¼

Example Game:

The target number is 5. 

• Player 1 chooses ¾

• Player 2 mentally adds ½ = 1 ¼ 

• Player 1 mentally adds 2= 2 ¼ 

• Player 2 mentally adds ½ = 2 ¾

• Player 1 thinks about adding 2, but that would give 4 ¾ and the other player just 
would have to add ¼ to win. 

• Player 1 changes their mind and only adds 1 leaving many options open= 3 ¾

• Player 2 adds ¼ and realizes that they have lost the game= 4

• Player 1 adds 1 and wins the game.

2 2 2 2 2

1 1 1 1 1

¾ ¾ ¾ ¾ ¾

½ ½ ½ ½ ½

¼ ¼ ¼ ¼ ¼

Fraction NIM
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I

Understanding Decimals
Standard I:

Students will expand number sense to include operations with rational numbers

Objective 2:
Explain relationships and equivalencies among rational numbers.

Intended Learning Outcomes:
1. Develop a positive learning attitude toward mathematics. 
6. Represent mathematical ideas in a variety of ways.

Content Connections:
Language Arts I-1- Develop language through listening and speaking.2

Background Information

Students should use models and other strategies to represent 
and study decimal numbers.  Fractions and decimals both represent 
parts of a whole, and both can represent numbers greater than one. 
Learners need to investigate the relationship between fractions and 
decimals, focusing on equivalence.  Any fraction can be rewritten 
as an equivalent decimal and any decimal can be rewritten as an 
equivalent fraction. Help them understand that a fraction such as ½ 
is equivalent to 5/10 and that is has a decimal representation of (0.5). 
After developing and understanding of equivalent fraction and decimal 
forms, students need to recall fluently the decimal equivalents for 
common fractions such as ¼= 0.25, ½= 0.5 and ¾= 0.75. For other 
fractions divide the numerator by the denominator. It is important for 
students to understand the traditional algorithm, but also be able to 
use a calculator to convert fractions to decimals.  In addition, students 
can examine that some fractions are terminating decimals and others 
are not. 

Decimals are part of our every day life.  We see them in the amount 
of rainfall in weather reports, sports statistics (e.g. batting averages), 
and stock market reports. It is important to connect fractions to 
decimals by numerous conceptual experiences, rather than just 
memorizing the algorithm. 
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Research Basis
National Council of Teachers of Mathematics. (2000). Principles and standards for school 

mathematics. Reston, VA.

Teaching and learning mathematics is a complex, active, and social 
activity. The research on problem solving and mathematical reasoning 
clearly states the great need to create mathematically rich environments 
for students to deepen their understanding of mathematics. The 
instructional strategies chosen should match the varied learning needs 
of students. Effective instruction occurs when teachers choreograph the 
learning experience by carefully choosing select problems, standard-
based materials, and conducting formal and informal assessments. 
The end goal is to empower students in problem solving by blending 
conceptual, procedural, and factual knowledge into a powerful learning 
package.

Van de Walle, J. A. (2001). Elementary and middle school mathematics: Teaching 
developmentally (4th ed.). New York: Addison Wesley Longman.

Van de Walle clearly states the importance of constructivism. 
“Constructivism provides us with insights concerning how children 
learn mathematics and guides us to use instructional strategies that 
begin with children rather than ourselves” (2001, p. 26). The whole 
learning process focuses on learning the concept, instead of the small 
pieces or procedural parts in the learning process. Effective teachers 
know their students’ strengths and weaknesses and plan instruction 
to challenge all learners to meet high standards. To do this, teachers 
must find ways to learn students’ prior mathematics knowledge 
and misunderstandings so that knowledge gaps can be addressed, 
inconsistencies resolved, and understanding deepened. 

Invitation to Learn

Demolition Decimals
 Ask students if they have ever created new words by taking 

a word and rearranging its letters. Explain that they are going to do 
a similar activity only using numbers. Have the students cut three 
index cards in half the wide way. Then, have students label the card 
as follows: 7, 5, 4, 0, and a decimal point. Tell the students you 
are going to ask them to make numbers that will fit a specific rule. 
Remind students that each number and the decimal must be used for 
each problem. Have students work in small groups and discuss their 
findings and discoveries. Start giving rules such as: “Build a number 
that is greater than 750”, “Build a number that is less than 5”, “Build a 
number that is between 70 and 70.5”, etc



4-20 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

Instructional Procedures

Part One: Rolling For One
1. Tell the students they are going to play a game to investigate 

decimals in more depth. They will be looking at the whole, 
which is one, 1, and/or 1.0, and exploring adding tenths and 
hundredths. Students will create a written accounting of all 
addition of decimals. 

2. Model the game as a whole class the first time. To play the 
game, have students set up a T-chart like this by folding a blank 
piece of copy paper in half and labeling it as shown:

Player 1 Player 2

Roll 1- _____ Roll 1- ____

Roll 2- _____ 

New Total: ______

Roll 2- _____ 

New Total: ______

Roll 3- _____ 

New Total: ______

Roll 3- _____ 

New Total: ______

Play the game with the class using the following rules: 

1. Each player must roll the die 7 times. 

2. After each roll of the die the player will decide whether it should 
be tenths or hundredths. (e.g. a roll of 3 could be 0.3 or .03)

3. A running total is kept of all seven rolls.

4. To win the game, students must get as close to one without 
going over 1 whole. 

5. If you have a class that is struggling with this concept, show 
the tenths and hundredths in money form. For example, six 
hundredths is $0.06 and six tenths is $0.60. Students are trying 
to reach $1.00. This is great for understanding, but students 
need to be able to remove the dollar sign and the zeros and 
still realize that $0.06 is equal to .06 and $0.60 is equal to 0.6. 
Students will make this transfer quickly if they can clearly see 
the connections between representations. 

6. An example of play: One player rolls a six, they must decide 
whether it is six tenths or six hundredths. Player two repeats 
the process with his/her own roll.  Player one rolls again and 

Materials
o	 The Tile Center Sheet

o	 Custom Tiles Sheet

o	 Blank 10x10 Grid Sheet

o	 Index Cards

o	 Paper

o	 Dice

o	 Calculators

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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adds the roll to the previous total. For example, player one had 
six tenths and rolled a six again, the player can not make that 
into six tenths because it will go over one whole after only two 
rolls, so the players must make it six hundredths. So, 0.6 + .06= 
.66. Play continues with each player adding to his previous sum. 
After seven rolls, the player closest to 1 (without going over) is 
the winner. 

7. Practice the game as a class. 

8. Check for understanding of the game. If students are still a little 
confused have them play the game partners against partners. 
Circulate questioning the students during the game. If students 
grasp the idea, play in partner groupings. As you circulate, 
continue asking questions to see if students can see any patterns 
that will help them win the game. 

9. After everyone has had a chance to play, have the students 
examine their results. Have students discuss in small groups 
how numbers were recorded.  Did it matter if a student didn’t 
put the zero after a number? (i.e. 0.6 instead of .60), How did 
each student keep track of their score, etc

10. Students will record in their math journals their responses to 
the journal prompt “My strategy for playing Rolling One is…”

Part Two: Get the Hint?
1. Explain to the students they are going to explore decimals using 

a calculator. Many times when students use calculators they get 
an answer with many digits after the decimal point; students 
find it difficult to deal with all those decimals. Teachers hear 
questions like What do the decimals mean?, and What’s the 
real answer?, stated in the classroom. This activity is a simple 
engaging way to look at decimals. Before starting, be sure to 
have the students create a recording sheet by folding a regular 
sheet of 8½” x 11” copy paper into thirds and labeling each 
column as shown here(information in parentheses is for teacher 
help, do not have students write it on their page).
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Guess
(Partner B Guesses 
a Number Between 

1 and 100)

Decimal on the 
Calculator

(Partner A divides 
the guess by the 

secret number and 
writes the decimal)

≈ Approximate 
Percentage of the 
Secret Number

(Partner B writes the 
approximate percent 
and makes another 

guess using the % to 
help)

1st guess:          14 = .518518518 .52 ≈ 50%

2nd guess:

3rd guess:

4th guess:

2. For the whole class modeling use an overhead calculator.  The 
first couple of times you model this activity show students the 
secret number. 

3. The goal is to figure out the secret number. (Note: When 
playing with a partner and not the class as a whole, be sure to 
remind students to keep the calculators hidden so their partner 
can not see the secret number.) 

 The rules of the game are as follows:

a. Partner A will choose a secret number between 1-100.

b. Partner B will try to figure out what partner A’s  secret 
number is by guessing a number.  

c. Partner A will take partner B’s guess and divide it by the 
secret number.

d. Partner A records the decimal on the Record Sheet. 

e. Partner B finds the decimal point and draws a box around 
the 3 numbers on the right side. Then, determines the 
approximate percentage of the decimal. 

 Reminders:

• If it has a 1 to the left of the decimal point= 1.34567877679. 
This means that your guess is greater than the secret 
number= 135%.

• If it has does not have a 1= 0.67895546565. Box 
0.67895546565. This means that your guess is less than the 
secret number. It is only approximately 68% of the number. 

f. With your new information, make another guess.

g. Try to guess the secret number in less than 5 guesses. 
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4. After modeling and checking for understanding, students will 
play several games in partners, recording their work on their 
self-made record sheet.

Part Three: The Tile Company
1. Students are going to look at decimals using a model, the 10-by-

10 grid. Discuss how many squares make up a 10-by-10-square 
grid. Remind the students that one grid represents 1 whole that 
has been divided into 100 equal parts.

2. Using the Blank 10x10 Grid Sheet, have the student shade in 
three tenths of grid #1.  Have students compare their shading 
to their partners. Discuss the written notation for this picture in 
fraction form, decimal form, and as a percent. If needed, have 
a mini-lesson on how to figure out each one of these notations 
and how it relates to the illustration.

3. Continue giving the students other numbers to represent in 
picture and written notation: .25, .4 .66 and so forth until you 
are confident that the students understand.  

4. Inform the students that they have just been hired by the Tile 
Center Company as financial consultants. Tell them they will be 
examining different kitchen tile patterns which the Tile Center 
Company sells. All tiles are 10 inches by 10 inches and sell for 
$1.60. The company is losing money and needs the students’ 
assistance in determining which tiles need to be changed to 
have the company make more money, but are still pleasing to 
the eye.  All the white squares are one cent. The shaded squares 
are twice as expensive. 

5. The task: In small groups, “Consultants” (students) will create a 
presentation to the President of the Tile Center Company.

1. Students need to determine the fraction, percent, and 
decimal form of each The Tile Center tiles. 

2. Determine the cost of each tile. 

3. Make a recommendation about which of existing tiles 
should continue to be manufactured (provide profit) and 
which should be eliminated and why.

4. Create six unique grid patterns that will make the company 
money. State the cost of each tile and the fraction, decimal, 
and percent shaded for each tile.   

5. Finally suggest a new price that would make the tile 
company at least $0.05 profit per tile. 
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6. Write a one page letter to the President discussing #2, #3, 
#4, and #5. 

 Assessment Suggestions

• Have students write in their math journals about how decimals 
relate to fractions and percents.

• Have students self assess how well their presentation met the 
criteria on a student created rubric.

• Complete the tile company activity with accuracy.  During the 
activity, ask the students to explain the steps they are taking. 
Check for accurate expression of fractions, decimals and 
percents, both in written form and in conversation. 

Curriculum Extensions/Adaptations/
Integration  

• The Tile Company is wanting to release a new line of tiles that 
are 20 x 20. Suggest to the company a tile price and 6 different 
tile designs that would make the company money on every sale. 

• Play I Have, Who Has? Commercial sets are available for 
purchase, or a Google search of “I Have, Who Has” will return 
many pre-made sets you can print and use.   

Family Connections  

• Have the students play Get the Hint? with a family member.

• Have the students find batting averages for 10 different baseball 
players in the newspaper. Record the players names and rank 
order the players from the best batting average to the worst.

• Watch the nightly news or read a newspaper to find the Dow 
Jones rate 10 days. Find the difference each day in the decimals. 
Record and chart. 

• Log on the www.weatherbug.com and create a bar graph of the 
rainfall for two different regions.
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Additional Resources

Web sites
Short video on Integers

http://mathstar.lacoe.edu/newmedia/integers/intro/media/intro_numberlines.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=18

http://mathstar.lacoe.edu/lessonlinks/integers/integers_main.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=80

http://www.thefutureschannel.com/index.php

http://www.rainforestmaths.com

http://www.mathnets.net

National Library of Virtual Manipulatives

http://nlvm.usu.edu

http://www.mathwire.com/whohas/whfractions.pdf

Organizations
National Council of Teachers of Mathematics

1906 Association Drive, Reston VA  20191-1502

(703) 620-9840

http://nctm.org/

National Council of Supervisors of Math

6000 E. Evans Ave. #3-205, Denver, CO  80222

(303) 758-9611

http://www.ncsmonline.org/

Utah Council of Teachers of Mathematics

http://uctmonline.org/
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The Tile Center Sheet

Pattern 1

How much is shaded?

Fraction: 

Decimal: 

Percent: 

Pattern 2

How much is shaded?

Pattern 3

How much is shaded?

Pattern 4

How much is shaded?

Pattern 5

How much is shaded?

Pattern 6

How much is shaded?

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

At the Tile Center all tiles are $1.60
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How much is shaded?

Fraction: 

Decimal: 

Percent: 

How much is shaded? How much is shaded?

How much is shaded? How much is shaded? How much is shaded?

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Custom Tiles Sheet
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How much is shaded? How much is shaded? How much is shaded?

How much is shaded? How much is shaded? How much is shaded?

Custom Tiles Sheet
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Math 
Standard 

 

Objective 
 

Connections

I

Predicting Percents
Standard I:

Students will expand number sense to include operations with rational numbers.

Objective 2:
Explain relationships and equivalencies among rational numbers.

Intended Learning Outcomes:
1. Develop a positive learning attitude toward mathematics. 
3. Reason mathematically.
6. Represent mathematical ideas in a variety of ways. 

Content Connections:
Math I-2; Rational number as a ratio
Math I-6, Four operations with integers

2

 Background Information

The same amount can be represented in multiple ways using 
fractions, decimals, and percents.  Depending on the task at hand, 
one form may be easier to work with than another, therefore 
students need to develop fluency converting between the multiple 
forms. This fluency can be cultivated by identifying relationships 
between forms throughout our teaching.  Teaching these separately 
and expecting students to make the necessary connections on their 
own leave a needed learning to chance.  Often these concepts are 
taught independently: fractions as parts of a whole using fraction 
circles or squares, decimals as parts of a whole number in tenths and 
hundredths with base ten blocks, and fractions as part of 100 using 
computation to find the answer.   These models should be integrated 
throughout instruction to foster flexibility between forms.  The ability 
to understand the meaning of a percent as part of a whole and use 
common percents such as 10 percent, 33 1/3 percent, or 50 percent as 
benchmarks in interpreting situations they encounter is useful.  

Often, textbooks and classroom situations provide problems, 
numbers are used that compute easily.  In real-life contextual 
problems, things we face daily at the grocers or stores, the calculations 
do not work out so perfectly.  We need to assist our students in 
developing an ability to find reasonable approximations with fractions, 
decimals, and percents.  Think about how you would figure 33% off 
$28.95.  Your solution may include changing 33% to 1/3 or rounding 
the dollar amount to either $27 or $30. This skill must be fostered in 
our classrooms to allow students to reason with numbers. 
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Research Basis
Van de Walle, J. A. (2001). Elementary and middle school mathematics: Teaching 

developmentally (4th ed.). New York: Addison Wesley Longman.

When a student encounters an unfamiliar math problem, students 
will need some support in developing solutions. This should not 
occur on test day. Students should encounter these sorts of problems 
daily and learn to solve them with the support of peers and teachers. 
“Children rarely give random responses” (Van de Walle, 2001, p. 28). 
Teachers must understand the mental models that students use to 
perceive the world and the assumptions they make to support those 
models. 

Youngs, D. (1998). Have you done a good math problem lately? AIMS, 13(2), 18-21.

Dr. Dave Youngs brings up an interesting point in the journal 
article, “Have You Done a Good Math Problem Lately.” 

Why does is seem so natural to ask someone if they’ve read a good 
book lately, but so odd to ask them if they have done a good math 
problem? Perhaps this is because most of us don’t view mathematics as 
something that anyone would ever voluntarily choose to do, let alone 
choose to do “for the fun of it.” (Youngs, 1998, p. 18) 

Some students would laugh at the thought of having fun at math. 
Yet, through careful selection of materials and methods, students 
become motivated to solve problems and discuss their findings. 
Mathematics must become an exciting, interesting part of the day 
where students are solving intriguing problems and coming up with 
new and interesting ways to approach the problem. Puzzles should be a 
part of the daily classroom activities. Solving real-world problems that 
occurred in the classroom and situations to that engaged students. 

Invitation to Learn

Ask students if they can tell, or model some different ways to 
show the number 1/2.  Have students look around the room and see 
if they can spot things that would represent or explain what they are 
thinking. Students may use decimal forms or percents but the majority 
will find different models or numbers that represent ½.  Review real-
life examples (students may want to use their journal entry from 
the previous discussion on ½). At this time, focus on the volume of 
ideas shared, while observing what the students share and their level 
understanding.   Allow students time to share solutions amongst their 
groups.  
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Instructional Procedures

Part 1: Oh, So Close!
1. Ask the students what they think the word “percent” means.  

Ask them to record in their journals any other words that have 
“cent” as a part of the word.  They can use dictionaries if they 
are struggling with this.

2. Discuss the meaning of the words they come up with.  (e.g. 
century: 100 years, centimeter: 1/100 of a meter, centennial: 
hundredth anniversary, cent: 1/100 of a dollar.)  Some other 
words may include things that have to do with the center or 
middle of something.  You may want to categorize the words 
into two groups as we want to focus on the “parts of 100”words.  

3. Have students record in their journal what percent means:  
Percent- a ratio that compares a number to 100.  

4. Read the book Piece=Part=Portion.

5. On the board list some of the fractions mentioned in the book 
like 1/2, 1/4, 1/7, 1/12.  Ask the students what fractions they 
think would be easy to change into percent form?  Students 
will probably respond with the familiar fractions like ½ equals 
50%.  Have someone explain how they know that is true.  If it 
does not come up in the discussion relate the idea of a percent 
as being part of 100 so how can we find an equivalent fraction 
form of ½ that is part of 100.  1/2= 50/100 = 50%  = .50 or 
.5)  What other fractions are easy to change to hundredths? 
(fourths, fifths, tenths)

6. Hand out Estimating Equivalencies.  Have students identify the 
fractions that are easily changed and fill in those columns by 
finding an equivalent fraction with a denominator of 100 and 
then expressing it is a fraction, decimal, and percent.

7. Share with students that sometimes finding a close estimation is 
enough to help us solve a problem.

8. Start with 1/9.  Can you easily get an equivalent fraction with 
a denominator of 100?  (no) How close can you get? (99). 
Is 99 close to 100? (Yes, very close, just one under)?  What 
would I have to do to change 1/9 into n/99? (multiply by 11/11)  
What do you get? (11/99)  So 1/9 is about 11%.  Look in 
Piece=Part=Portion and see how close your percent matches.  

9. Repeat the process for 1/6.  This time it is hard to determine 6 
x n = 100.  So we are going to break it down even more. I don’t 

Materials
o	 Piece = Part = Portion

o	 Estimating Equivalencies

o	 Fractured Line Game

o	 Fraction cards

o	 Dice

o	 Paper clips

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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know 6 x n = 100 but 6 x 8 gets me pretty close to half way 
there (6x8 = 48; 1/6 = 8/48).  If I double that I’m pretty close to 
100 for my denominator (8/48 x 2/2= 16/96).  So 1/6 is pretty 
close to 16% or .16, it’s a little low because I only have 96 
instead of 100 for my denominator.  Have students figure it out 
mathematically either paper-pencil or using a calculator.  The 
answer is actually 16.666.  Pretty reasonable estimate!

10. Depending on your students have them complete the worksheet 
on their own, in groups, or whole class.  

Part 2: Fractured Line Game
1. Give each student the Fractured Line Game Handout and a paper 

clip.  Every two students need a set of Fraction Cards.

2. Show the students how to fold the game sheet along the dotted 
fold line and place the paper clip at 0%.  

3. The first player draws a fraction card, decides what percent the 
fraction represents, and slides the paper clip on the percent 
number line to where he thinks the fraction is located.

4. The second player checks the answer by opening the flap.  If the 
first player is right, he gets a point.

5. The second player now draws a card, figures out what percent 
the fraction represents, and moves the paper clip to the correct 
position. Player one checks the answer. 

6. If the player draws a word card, he must define that word. 
(Example: Player 1 draws the card “What does percent mean?”. 
He tells player two the definition while player 2 checks. If 
player one is correct, he earns a point. 

7. Play continues until all of the cards are drawn.  The player with 
the most points wins.

Assessment Suggestions

1. Have students answer the following problem: We surveyed 
the students at a Utah elementary school about what pets they 
owned.  8/25 of them owned dogs, 0.04 owned snakes, 3/20 
owned birds, 19% owned fish, and 0.3 owned cats.  List the pets 
in order from least to greatest and explain your answer.

2. Have students list in their journals as many everyday examples 
of fractions, decimals, and percents as possible as why they are 
important.
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3. Give students several fractions and have them write the percent 
equivalent, explaining their solution.

4. Play the Fractured Line Game with individual students to check 
their understanding.

Curriculum Extensions/Adaptations/
Integration

•	 Have students glue their Estimating Equivalencies in their 
journal. 

•	 Have students create a flag of an imaginary country. They will 
determine the percent of each section of the flag; writing this as 
a decimal, fraction, and percent.

•	 Play Equivalent Fractions Spoons. Create cards that have 8 
different sets of 4 equivalent fractions. Play Spoons with original 
rules. 

•	 Play Target Percent. This is similar to Rolling to One from the 
Decimals Activity. Students roll two dice, create a fraction, find 
its corresponding percent, and write it down. Students may roll 
again, or stop and take the total at any time. Once they stop, 
their turn is over. Each round has a winner- the student closest 
to the target percent. At the end of four rounds, the student 
with the most wins is the winner.

Family Connections

1. Look for fractions, decimals, and percents in real world 
situations.

2. Have students figure out the percent off of items when 
shopping. Example video games are 25% off. What fraction is 
25%?  If the video game is $59.99, how much is 25%?  What is 
the cost of the video game on sale?

3. Send Fractured Line game home to play with parents.

Additional Resources

Books
Piece = Part = Portion, by Scott Gifford; ISBN 1-58246-102-3

The Grizzly Gazette, by Stuart J. Murphy; ISBN 0-06-000026-0

World Cards; ISBN 0-9629962-2-x

Geography Facts, by Dougal Dixon; ISBN 0-88029-925-8 
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Web sites
Short video on Integers

http://mathstar.lacoe.edu/newmedia/integers/intro/media/intro_numberlines.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=18

http://mathstar.lacoe.edu/lessonlinks/integers/integers_main.html

http://illuminations.nctm.org/ActivityDetail.aspx?id=80

http://www.thefutureschannel.com/index.php

http://www.rainforestmaths.com

http://www.mathnets.net

National Library of Virtual Manipulatives

http://nlvm.usu.edu

Flags

http://www.crwflags.com/fotw/flags/cbk-ne.html

Organizations
National Council of Teachers of Mathematics

1906 Association Drive, Reston VA  20191-1502

(703) 620-9840

http://nctm.org/

National Council of Supervisors of Math

6000 E. Evans Ave. #3-205, Denver, CO  80222

(303) 758-9611

http://www.ncsmonline.org/

Utah Council of Teachers of Mathematics

http://uctmonline.org/
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Fraction 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10

Can I 
change my 

denominator 
to 100?

How?

If no, how 
close can I get 

to 100?

How?

Multiply the 
numerator & 
denominator 
by the same 

number!

Fraction

Decimal

Percent

Estimating Equivalencies
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What do you see?

Science Standard III-2–Activities

Standard III:
Students will understand the relationship and attributes of objects in the solar 
system..

Objective 2:
Describe the use of technology to observe objects in the solar system and relate 

this to science’s understanding of the solar system.

Intended Learning Outcomes:
1. Use science process and thinking skills.
2. Manifest scientific attitudes and interests.
3. Understand science concepts and principles.

Content Connections:
Math II-1; Graph data

III

2

Background Information

This activity will take several days to complete.  Students should 
have a good understanding of the progresses that have been made 
to help observe objects in space.  Students should be familiar with 
the invention of the telescope and other important benchmarks in 
the history of science’s dealing with space.  This activity is designed 
to give students hands on experience in the scientific process.  For 
this activity to be most beneficial, students should journal their 
experiences throughout the entire process.  Students will be given 
several opportunities to show self differentiation in the creation of 
their foam rocket and re-entry shield.  Students should have the feeling 
that they are actually creating important products that will help in the 
observation of objects in space.    

Safety Statement:  Request prior approval with administration. 
Conduct activity outside on a calm day, and store propane off school 
property or in an appropriate location.         

Research Basis
Tomlinson, Carol Ann (2001). Differentiation of instruction in the elementary grades. ERIC 

Digest, Retrieved 11/27/07, from http://www.ericdigest.org

At its most basic level, differentiation consists of the efforts of 
teachers to respond to variance among learners in the classroom.  
Whenever a teacher reaches out to an individual or small group to 
vary his or her teaching in order to create the best learning experience 
possible, that teacher is differentiating instruction.  
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Caine, R.N., & Caine, G. (1994).  Making connections:  Teaching and the human brain.  
Menlo Park, CA:  Addison-Wesley.

Learning from classroom activities with application to real world 
situations are the lessons students seem to learn from and appreciate 

the most.  Brain research shows the more senses used in instruction, 
the better learners will be able to remember, retrieve, and connect 
the information in their memories.  “I hear and I forget; I see and I 
remember; I do and I understand.”  Students learn best when doing.  
By incorporating realistic, integrated, or interdisciplinary activities 
that build on established knowledge and skills and more than 
one sense, memory pathways become more accessible and cross-
referenced for future use.  As teachers discover the most effective 
strategies for better student achievement, they can adapt their 
lessons accordingly.

Invitation to Learn

Ask the students to get out of their seats and go to the back of 
the classroom.  At the front of the room display an object that is big 
enough to be seen with the naked eye, but small enough to make it 
difficult to make out any real detailed features.  On the object place 
some distinguishing marks or words.  Ask the students to make 
observations of what they see.  Ask the students if there are different 
ways they could observe this object that would help to identify it 
better.  Tell the students when they return to their seats they will 
record in their journals what they saw and any ideas of how this 
observation could improve.  Before having the students return to 
their seats, give one student a pair of binoculars to observe the 
object.  Now have the students return to their seats and record their 
observations.  Have a few students share their thoughts.  Ask the 
student who observed the object with the binoculars to share.  Ask 

the students which observation they trust the most and why.    

Instructional Procedures

1. Students will be informed that the object that they observed 
during the “Invitation to Learn” is coming closer to Earth and 
scientists have determined that more information must be 
gathered about this object.  Discuss with the students the idea 
that science’s understanding of the solar system is determined 
by the technology used to investigate it.  Tell the students that 

Materials
o Foam Rocket 

o Test Stand 

o Re-entry Shield 

o Attaching the Shield 

o Pipe foam insulation

o #64 rubber band 

o 5/16 flat cut metal 
washer 

o Propane torch

o Wooden dowel

o Aluminum foil

o Metal screen

o Machine screw – flat 
head

o Machine screw nut

o Washer 

o Hot glue gun

o Fire extinguisher

o Water 

o Safety glasses

o Lighter

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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they have been chosen to create a rocket that will journey to 
this object with the purpose of gathering information. 

2. Handout the materials that will be used to construct a rocket.  

3. The student’s assignment will be to get the rocket they have 
designed to travel as close to the unknown object as they can.  

4. To create the unknown object the teacher will place a hula hoop 
some distance (at least 30 feet) from the students, the teacher 
will need to determine what distance would be appropriate.  
After the hula hoop has been placed, the teacher will scatter the 
contents of a puzzle that explains what the object is into the 
center of the hula hoop.

5. Students will launch their rockets towards the unknown 
object.  Each student will walk to the spot where their rocket 
landed and take a digital photo of what they see.  All of the 
student’s photos will be downloaded to a computer for further 
observation.

6. The scientist have determined that more information must 
be gathered about the unknown object and so the student’s 
rockets must be launched again with the purpose of landing 
and retrieving information from the object’s surface and then 
returned safely to Earth.

7. The scientists feel the rockets the students have designed are 
great and that they are up to the assignment of getting to the 
unknown object and land.  The problem the students are now 
faced with is designing a system that will be able to withstand 
the return trip through Earth’s atmosphere.

8. Students will be given the materials needed to create a re-entry 
shield.  The purpose of the shield is to protect the information 
gathered from the unknown object during re-entry.   Teachers 
will need to create a test stand prior to this.   

9. Students will launch their rocket towards the unknown object.  
If they land within three steps of the hula hoop they can gather 
one piece of the puzzle.  If they land inside the hula hoop they 
can gather three pieces.

10. After each student has had the opportunity to gather pieces of 
the puzzle they will then make the attempt to bring the pieces 
back to Earth.  Each student’s shield will be exposed to the 
hostile experience of re-entry.  Student’s shields will be placed 
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in the Test Stand to simulate the intense heat of re-entry.  The 
students whose shields maintain protection for a preset amount 
of time (teacher’s choice) will be allowed to delivery their 
puzzle pieces to the scientists.  If a shield does not withstand 
the re-entry those pieces are lost.

12. Students will help the scientist piece together the pieces that 
were returned to Earth with the purpose of identifying the 
unknown object. 

Assessment Suggestions

• Have students record the scientific process they experienced as 
they went through the creation process in a journal.

•	 Have students reflect on the experience and share what they 
would have done differently and why.

•	 Have students use the information gained from their first 
attempt at creating a re-entry shield to create a second shield.

Curriculum Extensions/Adaptations/
Integration

• Have students record and graph the timed results from the re-
entry shield experiment.

•	 Students may be assigned to those that may be challenge in the 
construction of the rocket or thermal shield.

• Create small groups to work as teams instead of by themselves.

Family Connections

• Students could take their foam rockets home and perform 
similar experiments with their families.

• Students could talk with their parents about how they have 
observed objects in space.
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Additional Resources

Media
Beyond The Solar System- Expanding the Universe in the classroom, by Harvard-Smithsonian 

Center for Astrophysics; ISBN 0-9776402-0-5

Web sites
http://www.futureschannel.com

http://www.spaceplace.nasa.gov

http://www.jpl.nasa.gov

http://www.clarkplanetarium.org
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Re-entry Shield
Materials

• 1 square foot sheet of aluminum foil

• 3 inch square piece of metal mesh

• #10-24 x 1 1/2 machine screw – flathead

• 2 #10-24 machine screw nuts

• 2 #10 SAE washers

• Hot glue pot or hot glue gun

• 12 inch long 3/8 inch diameter wooden dowel

Instructions

1. Give each student a sheet of aluminum foil, metal mesh, machine screw, two metal 
nuts, and two washers and the charge to create a re-entry shield.  The students can do 
anything with the materials as long as they attach the head of the metal screw to the 
wooden dowel with hot glue.

2. Attach the screw to the dowel with hot glue.  When the glue sets you can attach the 
shield to test stand.

3. The re-entry simulation is conducted by sliding the torch into postition in front of the 
Test Stand.

4. As soon as the thermal protection shield is directly in front of the flame start the stop 
watch. Time how long the shield stays attached to the wooden dowel.

5. Have each student record the time in his/her journal.

12"x12"
Aluminum Foil

3"x3"
Wire Mesh

2 washers

2 metal nuts

machine screw

wooden dowel

Wooden Dowel
Hot
Glue

Screw
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Orion Constellation Model
Standard III:

Students will understand the scale of size, distance between objects, movement, and 
apparent motion (due to Earth’s rotation) of objects in the universe and how 
cultures have understood, related to and used these objects in the night sky.

Objective 2:
Describe the appearance and apparent motion of groups of stars in the night sky 

relative to Earth and how various cultures have understood and used them.

Intended Learning Outcomes:
1. Use science process and thinking skills.
2. Manifest scientific attitudes and interests.
3. Understand science concepts and principles.

Content Connections:
Math IV-2 Units of measurements

III

2

Background Information

Many students are under the assumption that the stars that make 
up a constellation are all on the same plane.  Going through the 
process of creating a model of the constellation Orion, students will 
have a hands on experience showing them that stars of a constellation 
are actually not on the same plane.

Research Basis
Klentschy, Michael (2005). Science notebook essentials. Science & Children. 43, 24-27.

When literacy skills are linked to science content, students have 
a personal and practical motivation to master language as a tool that 
can help them answer their questions about the world around them.  
Language becomes the primary avenue that students use to arrive at 
scientific understanding.

Caine, R.N., & Caine, G. (1994).  Making connections:  Teaching and the human 
brain. Menlo Park, CA:  Addison-Wesley.

Learning from classroom activities with application to real world 
situations are the lessons students seem to learn from and appreciate 
the most.  Brain research shows the more senses used in instruction, 
the better learners will be able to remember, retrieve, and connect 
the information in their memories.  “I hear and I forget; I see and I 
remember; I do and I understand.”  Students learn best when doing.  
By incorporating realistic, integrated, or interdisciplinary activities that 
build on established knowledge and skills and more than one sense, 
memory pathways become more accessible and cross-referenced for 
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future use.  As teachers discover the most effective strategies for better 
student achievement, they can adapt their lessons accordingly.	

Invitation to Learn

We know that light travels 186,000 miles per second.  Let’s say that 
a 1 cm string equals the distance light travels in one second.  If it takes 
about 8 minutes for light from the sun to reach us, how long would 
the string be? (480 cm)  The light from the next nearest star takes 4 ½ 
years to reach us, how long would that string be? (141,912,000 cm) 

Instructional Procedures

1. Hand out to each student a copy of the Orion Constellation on 
cardstock.

2. Give each student 150 cm of string.

3. Give each student 7 beads.

4. Have the students tie a bead on the end of the string.

5. Place the constellation picture on the foam core board and use 
the pushpin to make a hole big enough for the thread at the 
location of the 7 labeled stars.

6. From the bead on the thread measure 15 cm long and cut the 
thread.  Thread the end through the star labeled 522 ly until 1 
cm is on the back side of the cardstock.  Tape the 1cm piece of 
string securely on the back.

7. Use the measurements below to cut the remaining threads to 
the appropriate lengths and attach them to the cardstock using 
1 cm of string on the back.

	 243 ly  18 cm

 817 ly  12 cm

 1342 ly 7 cm

 916 ly  11 cm

 815 ly  12 cm

 773 ly  13 cm

8.  Hold the model above your head to see the relative distance 
from the earth of each star.

Materials
o Orion Constellation

o 7 Beads

o 150 cm of Thread

o Black Cardstock

o Ruler

o Scissors

o Pushpin

o Foam Core Board

o Tape

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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Assessment Suggestions

• Ask the students to write in their journals why the star that is 
farthest from Earth has the shortest thread and the star that is 
closest to us has the longest thread? 

•	 Ask the students to write about what they learned about the 
distances of stars in constellations from doing this activity.

Curriculum Extensions/Adaptations/
Integration

• Have students research other constellations and create similar 
models.

•	 Partners could help with the construction of the model.

Family Connections

• Have students show their parents the Orion model and explain 
the different lengths of string to them.

•	 At home locate Orion in the night sky and identify the 
correlating stars in the model.

Additional Resources

Media
Beyond The Solar System- Expanding the Universe in the classroom, by Harvard-Smithsonian 

Center for Astrophysics; ISBN 0-9776402-0-5

Web sites
http://www.futureschannel.com

http://www.spaceplace.nasa.gov

http://www.jpl.nasa.gov

http://www.clarkplanetarium.org



5-12 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

 Orion Constellation

Rigel
773 l.y.

815 l.y.

817 l.y.

Betelguese
522 l.y. 243 l.y.

916 l.y.

1342 l.y.
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What time is it?

Science Standard III-2–Activities

Standard III:
Students will understand the scale of size, distance between objects, movement, and 

apparent motion (due to Earth’s rotation) of objects in the universe and how 
cultures have understood, related to and used these objects in the night sky.

Objective 2:
Describe the appearance and apparent motion of groups of stars in the night sky 

relative to Earth and how various cultures have understood and used them.

Intended Learning Outcomes:
1. Use science process and thinking skills.
2. Manifest scientific attitudes and interests.
3. Understand science concepts and principles.

Content Connections:
Math V-1; Making predictions

III

2

Background Information

Students will need to be able to identify stars that are grouped in 
patterns in the night sky.  Students will also understand that these 
constellations move across the sky in a predictable and measurable 
way.  Relate the changes in the night sky to the movement of Earth. 

Research Basis
Caine, R.N., & Caine, G. (1994).  Making connections:  Teaching and the human brain. 

Menlo Park, CA:  Addison-Wesley.

Learning from classroom activities with application to real world 
situations are the lessons students seem to learn from and appreciate 
the most.  Brain research shows the more senses used in instruction, 
the better learners will be able to remember, retrieve, and connect 
the information in their memories.  “I hear and I forget; I see and I 
remember; I do and I understand.”  Students learn best when doing.  
By incorporating realistic, integrated, or interdisciplinary activities that 
build on established knowledge and skills and more than one sense, 
memory pathways become more accessible and cross-referenced for 
future use.  As teachers discover the most effective strategies for better 
student achievement, they can adapt their lessons accordingly.

Klentschy, Michael (2005).Science notebook essentials. Science & Children. 43, 24-27.

When literacy skills are linked to science content, students have 
a personal and practical motivation to master language as a tool that 
can help them answer their questions about the world around them.  
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Language becomes the primary avenue that students use to arrive at 
scientific

Invitation to Learn

Ancient cultures used the stars as a way to determine seasons and 
time. By looking into the night sky can you determine what season 
of the year it is?  Can you tell what time it is by simply looking 
at the stars?  Why would this information be important?  Ancient 
cultures used the stars to know when to plant their crops and 
prepare for winter. 

Instructional Procedures

1. Pass out the blackline Star Clock.

2. Cut out the two circles with a pair of scissors.

3. Cut out the notch on the small circle.

4. Place the small circle on top of the large circle.  Push a large 
paper fastener to make a center hole through both circles, and 
spread open the fastener on the back side of the Star Clock.

5. Find the Big Dipper and the North Star, as shown on the face of 
your Star Clock.

6. Face the North Star, as shown on the front of the clock.

7. Find the current month around the outside circle of the Star 
Clock.  Put your thumb over the current month.  Hold your 
Star Clock so the current month, marked by your thumb, is AT 
THE TOP.

8. Holding the large disc firmly with the current date at the top, 
turn the smaller disc until its stars line up with those in the sky.

9. Read the time in the window.

10. If you are on Daylight Savings Time, add one hour.

Assessment Suggestions

• Have the students create a graphic organizer to record their 
observations.

• Have the students demonstrate that they can identify how to 
locate the North Star by using the Big Dipper as a guide. 

• Have the students describe their understanding of what forces 
are at work to make the Star Clock work.

Materials
o Star Clock

o Scissors

o Brad fastener

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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Curriculum Extensions/Adaptations/
Integration

• Students can make predictions of why the big dipper moves 
through the sky the way it does.

• Students could work with partners.

Family Connections

• Have the students share with their family their new knowledge 
by demonstrating how the Star Clock works.

• Have the students make a poster showing the movement of the 
constellations.

Additional Resources

Media
Beyond The Solar System- Expanding the Universe in the classroom, by Harvard-Smithsonian 

Center for Astrophysics; ISBN 0-9776402-0-5

Web sites
http://www.futureschannel.com

http://www.spaceplace.nasa.gov

http://www.jpl.nasa.gov

http://www.clarkplanetarium.org
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1.  Find the Big Dipper and the North 
Star, as shown on the face of your Star Clock.

2.  Face the North Star, as shown on the front of the 
clock.

3.  Find the current month around the outside circle of the Star Clock.  
Put your thumb over the current month. Hold your Star Clock so the current 

month, marked by your thumb, is AT THE TOP.
4.  Holding the large disc firmly with the current date at the top, turn the 

smaller disc until its stars line up with those in the sky.
5.  Read the time in the window.

6.  If you are on Daylight Savings Time, add one hour

THE TIME IS

Little
Dipper

Big
Dipper

Cassiopeia

STAR CLOCK
North
Star

Star Clock
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Candy Bar Graphs

Math Standard V-1–Activities

V

1

Standard V:
Students will analyze, draw conclusions, and make predictions based upon data 

and apply basic concepts of probability.

Objective 1:
Design investigations to reach conclusions using statistical methods to make 

inferences based on data.

Intended Learning Outcomes:
6. Represent mathematical ideas in a variety of ways.

Content Connections:
Science I-1; Explain patterns of changes of the moon

Background Information

In sixth grade, students should know a variety of different graphs, 
as well as being introduced to scatter plots (or scatterplots) and circle 
graphs (or pie charts). Stem-and-leaf plots, bar graphs, line graphs, and 
line plots should have been introduced in previous grades. All graphs 
and plots require appropriate labels and titles. Here is a brief summary 
and examples of some of the graphs students should be comfortable 
with reading and creating:

LINE PLOT: A line plot is a quick way to arrange data. The values 
of data are listed on the horizontal axis, and an X is placed above the 
axis to represent one item. 

Height of Sixth Graders in Ms. Stout’s Class
 X      X
 X   X   X X
X X  X X  X X X X
X X X X X X X X X X X
4’6” 4’8” 4’9” 4’10” 4’11” 5’ 5’1” 5’3” 5’4” 5’5” 5’7”

Height of Students

BAR GRAPH: A bar graph is one of the most commonly used and 
easy to read graphs. Bar graphs show frequency of defined data values 
in a set of data. The length of the bar shows the frequency of the data 
for that item. Bars may be drawn horizontally or vertically and should 
be the same width to avoid confusion. Stacked bar graphs and double 
(or triple, quadruple, etc.) bar graphs compare additional sets of data 
within the same graph. Below is an example of a triple bar graph.
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CIRCLE GRAPH: Also known as a pie chart, this graph is 
partitioned in different segments equaling one hundred percent. This 
graph is great for comparing data within a set and is very visual.

STEM-AND-LEAF PLOT: Also known as a stem plot, this graph 
separates the tens place from the ones place (or hundreds and tens 
from ones). This is minimizes confusion for the viewer because 
there are less digits; also, it creates a graph to show the frequency of 
numbers within the tens digits. The tens digits are the stems and the 
ones digits are the leaves. Each leaf represents one of the pieces of data. 
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To make reading the graph simpler, the leaves should be in numerical 
order. A back-to-back stem plot can be used to compare two sets of 
data.

Math Test Scores  

5�2,6,6,8

6�0,1,4,9

7�1,1,2,4,6,6,7

8�0,0,3,4,5,5,7,8,9

9�0,1,1,2,6,9

LINE GRAPH: This graph type is great for showing data over time. 
The time is shown on the horizontal axis and the other data is on the 
vertical axis. The points are plotted based on the correlation of the time 
and the data. The points are connected together by line segments. This 
creates a visual way of seeing the data change over periods of time. The 
scale of the vertical axis can greatly change the way the information 
looks.

SCATTER PLOT: This graph consists of a grid using Cartesian 
coordinates to graph points. The two points are determined by the 
two characteristics of the data. After the coordinates are graphed, the 
viewer can determine whether or not the two characteristics correlate 
(are related). A scatter plot is an excellent way to show whether or not 
the two measurements correlate.
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Research Basis
Blakemore, C. L. (2003). Movement is essential to learning. JOPERD: The Journal of Physical 

Education, Recreation & Dance, 74(9), 22-26. 

This article strongly asserts that student learning is greatly 
enhanced by movement. Studies have shown that students learn and 
remember better through physical activity. A variety of movements, 
such as cross-lateral exercises, are suggested. However, any type of 
movement will improve student learning. 

Invitation to Learn

24 Hour Circle Graphs
1. Ask students what they did yesterday. Have students write a 

list of what they have done for the past 24 hours. Make sure 
they keep things pretty general (for example, if they watched 
television, they don’t need to provide each show they watched). 
Students will make a rough estimate of how long each activity 
took and round to the nearest half-hour.

2. When students have created a list that equals exactly 24 hours, 
they will create a circle graph (or pie chart) representing their 
data. You may use the worksheet What Have I Done for the Past 
24 Hours?, which has 24 wedges, one for each hour. Students 
will color the appropriate wedges to represent each activity. 
They will also create a key (or legend) describing what each 
color represents.

Instructional Procedures

Candy Bar Graphs
1. Tell the students the different types of candy bars you will be 

using. Students will gather data about the favorite candy bar 
of every student in the class (including themselves). Let the 
class determine the most efficient way to collect the data. For 
example; ask everyone individually, or conduct a class poll. 
Each student will record the data.

2. Place students in groups of four. Each student will be in charge 
of one of the candy bars. Students in the group will compare 
their data (it should be the same). After verifying the ratio (e.g. 
5 out of 25) of their candy bar, they will find the equivalent 
percentage.

Materials
o	 What Have I Done for 

the Past 24 Hours?

o	 Colored pencils/crayons

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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Materials
o	 Candy bars 

1 
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3 
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3. Inform students the length of one miniature candy bar is equal 
to 20%.  Therefore (5) miniature candy bars is equal to, or the 
same as 100%. They will need to cut (or bite!) until only their 
approximate percentage is left.

4.  Have each student that has charge over a certain candy bar  
hold up the length that represents the percentage. Repeat with 
each type of candy bar. If the students figured correctly, their 
lengths will match.

5.  On poster paper or graph paper, each group will draw an X and 
Y axis and label the X axis with the names of the candy bars, 
and the Y axis with the percentages. Also remind them to title 
the graph. They will then create a bar graph with the candy bars 
actually being the bars. You may have them glue the candy bars 
on, or draw an outline of the candy bars.

6.  Next, have each student create a bar graph for their favorite 
miniature candy bar. The candy bar company would want to 
use this graph to try to sell the candy bar on an advertisement. 
Stress to them that changing the scale can influence the 
appearance of the data display (Math Standard V:1d).

Moon Graphs
1. Begin by posing the situation: A hospital has contacted the 

school and would like to know if a certain old wives’ tale (or 
urban legend) is true. They would like our class to determine 
if more babies are born on a full moon than any other moon 
phase. Let students predict whether or not they think that 
statement is valid and why.

2. Each student will find out which moon phase they were born 
on by visiting the website http://tycho.usno.navy.mil/vphase.html. Ideally, 
they will print out their phase and have it to reference during 
the activity.

3. Move desks or go to an open space (outside, gym, or hallway). 
Create human graphs of the data. You may want to start out 
with standing in the middle with students lined up around you 
according to their moon phase. Students should be able to see 
quickly whether or not that old wives’ tale is true for your class. 
This can lead into a discussion about validity of small amounts 
of data. Would your findings hold true if 1,000 people were 
polled? The state of Utah? The United States? The world?

4. Bar graphs, stacked bar graphs, double bar graphs, and line 
plots are simple graphs to make as a group. Circle graphs would 
require string to separate groups. Try to determine percentages 

Materials
o	 Moon phase of 

student’s birth

o	 String

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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before making that graph. Line graphs could also be created 
with string.

Assessment Suggestions

•	 To assess the ability to put information into a circle graph, 
students will take the data collected from the Candy Bar Graphs 
activity and create a circle graph.

•	 After writing the moon phase data on the board, have students 
create a variety of graphs on paper.

Curriculum Extensions/Adaptations/Integration

•	 To extend the candy bar graphs, students could find the exact 
percentage by using a ruler.

Additional Resources

Books
Navigating Through Data Analysis in Grades 6-8, by Bright, Brewer, McClain, and Mooney; 

ISBN 0-87353-547-2

Web sites
http://www.nces.ed.gov/nceskids/createagraph/

You can create a variety of line, pie, and bar graphs as well as scatter plots

http://tycho.usno.navy.mil/vphase.html

This site will determine the moon phase of any day of any year, including past, present, or 
future

http://www.almanac.com/astronomy/moon/index.php

Shows a moon phase calendar
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What Have I Done for the Past 24 Hours?
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Situational Data

V

1

Standard V:
Students will analyze, draw conclusions, and make predictions based upon data 

and apply basic concepts of probability.

Objective 1:
Design investigations to reach conclusions using statistical methods to make 

inferences based on data.

Intended Learning Outcomes:
5. Connect mathematical ideas within mathematics, to other disciplines, and to 

everyday experiences.

Content Connections:
Science V-2; Conduct an experiment on microorganisms and display results

Background Information

Graphs are found in so many aspects of everyday life that it is 
vital that students can read, analyze, and create them. Graphs are 
used in many subjects in school, as well. Social studies, math, science, 
and language arts rely on graphs to present information that would 
otherwise be difficult to understand or boring to read. Since graphs are 
so important in different subject areas, it is easy to integrate math in 
multiple subjects.

As yeast is combined with sugar and water, it produces carbon 
dioxide. This is what makes bread rise. Yeast is microscopic. One gram 
of yeast has about 25 billion cells. 

There are variations on the scientific process. The following steps 
keep it simple for students and encourage discovery based upon 
previous results.

Step 1: Question

Step 2: Predict

Step 3: Plan (discuss)

Step 4: Observation (claim and evidence)

Step 5: What I learned

Step 6: Wonderings/questions

Research Basis
Klentschy, M. (2005). Science Notebook Essentials. Science & Children. 43(3) 24-27.

Notebooks and journals can be an effective tool to further scientific 
understanding. As students follow the six essential steps for journals, 
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especially in their experiments, they will have a deeper understanding 
of the scientific process; they will be more motivated to continue 
investigating and learning.

McKinnon, D. H. & Others (1997). Curriculum innovation involving subject integration, 
field-based learning environments and information technology: A longitudinal case study 
of student attitudes, motivation, and performance. Paper presented at the Annual Meeting 
of the American Educational Research Association (Chicago, IL, March 24-28, 1997).

This was a longitudinal study conducted in New zealand to 
determine the effectiveness of integrating subjects. Technology, 
mathematics, history, and language arts were integrated for 3 years. 
Academic achievement was higher than the control group in science, 
math, and English, and students enjoyed their experience more.

Invitation to Learn

The Data Song
“The Data Song” goes to the tune of “We Will Rock You” by 

Queen. This song was chosen because it requires students to create the 
rhythm. After singing it a couple of times, have students join in. The 
lyrics can lead to a great beginning discussion and is an informal way 
to ascertain student background knowledge about data and graphing.

Instructional Procedures

Data Dice
1. First, students need to have a pretty good knowledge of 

the different types of graphs (bar, line, line plot, scatter 
plot, circle, and stem-and-leaf plot) and their purposes. To 
accomplish this, have students create a simple semantic map in 
their math journals, such as the following:

Points Lines
Bar or 

X
Good for 

Comparing
Good for finding 
trends/tendencies

Bar Graph X X

Double Bar X X

Stacked Bar X

Line Plot X X X

Circle Graph X

Scatter Plot X X

Stem-and-Leaf Plot X X

Line Graph X X X

Double Line Graph X X X X

Materials
o	 The Data Song

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 

Materials
o	 Data Dice

o	 Situational Data

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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Your class may come up with additional categories.

2. Students will cut and paste their cubes. Pass out the Situations 
worksheet.

3. Students will work in pairs. One student will roll the newly 
made die and will graph the data given with whichever graph 
was rolled. While they are creating their graph, their partner 
will also create a graph with the same data, but they may choose 
whichever graph best suits the data.

4. The pair will switch off until they have completed the graphs 
for the data.

Instructional Procedures

Graphing Yeast
1. Explain to students the experiment that will be conducted. As 

a class, come up with a graph that will be used. A line graph 
would be ideal. Be sure to include labels and a title.

2. You may give each student (or pair of students) the choice 
of what type, and amount of sugar they will use (up to 10 
teaspoons or about 40 grams). Make sure that at least one 
student uses the ideal amount of sugar. Students will put the 
sugar in their Erlenmeyer flask.

 **Teacher info: The ideal amount of sugar is 5 teaspoons of 
sugar (about 20 grams)

3.  Put about 75 mL of warm water in each student’s flask. The 
water should be 95-105° F (35-40° C). Have students swoosh 
around sugar/water mixture until dissolved. 

4. Give each student 1.25 teaspoons of yeast (5 grams), which is ½ 
of a packet. Students will put the yeast in a balloon. This is best 
accomplished by one student holding the balloon open while 
the other carefully pours the yeast in.

5. The student will put the balloon on around the top of the flask. 
They will then use masking tape to seal the flask, if desired.

6. Every minute, they will measure the height from their desk to 
the highest part of the balloon. Students will record their data 
on a chart and on their graphs.

Materials
o	 Erlenmeyer flasks

o	 Yeast

o	 Sugar (Variety)

o	 Warm water

o	 Balloons

o	 Masking tape

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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Assessment Suggestions

•	 Give students situations and data and have them graph the 
data. Their score is based on the appropriateness of the graph 
used, labels and title of the graph, and if the data was graphed 
correctly.

Curriculum Extensions/Adaptations/
Integration

•	 A possible extension would be for students to create their own 
experiments that can be graphed.

Family Connections

•	 Students will look for graphs in newspapers, magazines, books, 
or the Internet and bring examples to show the class.

Additional Resources

Web sites
http://www.mathplayground.com/Math_Millionaire.html

This is a fun variation of “Who Wants to be a Millionaire?” that is motivating for students.

Organizations
National Council of Teachers of Mathematics (NCTM), www.nctm.org

Membership provides journals, ideas, lessons, as well as access to the NCTM Standards and 
Focal Points.
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Data Dice

Line 
Graph

Stem and 
Leaf

Bar
 Graph

Line
 Plot

Scatter
PlotPi

e 
Ch
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t
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Name  Partner 

 Situational Data
Directions: One partner will roll the dice and create a graph based on what was rolled, using 
the data for #1. The other partner will choose and create a different graph with the same data. 
After #1, the roles will reverse. Remember to title and label each graph!

1. A scientist made the following observations: 
Hour Microorganisms
1 2
2 4
3 8
4 16
5 32
6 128
7

How many microorganisms will there be in the 
7th hour? Graph your prediction.

2. Results of the boys’ high jump event at the 
track meet: 
Participant Height (feet & inches)
Jacob 4’ 10”
Cole 4’ 6”
Ben 3’ 10”
Jeff 2’ 10”
Kenny 4’ 8”
Rico 4’ 2”

3. Planet distances, in Astronomical Units 
(AU), from the Sun:
Planet Distance (AU)
Mercury 0.4
Venus 0.7
Earth 1.0
Mars 1.5
Jupiter 5
Saturn 10
Uranus 20
Neptune 30
Pluto (minor planet) 39.5
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4. Growth of the Earth’s human population:

Year (A.D.) Number of People 
(in billions)

1650 .50
1750 .70
1850 1.0
1925 2.0
1956 2.5
1976 4.0
1991 5.5
2000 6.0
2004 6.4

5. Major military and civilian casualties in 
World War II, by country:

Country Casualties
USSR 21,300,000
China 11,324,000
Germany 7,060,000
Poland 6,850,000
Japan 2,000,000
Yugoslavia 1,706,000
Rumania 985,000

6. Countries with the largest population:

Country Population
China 1,323,000,000
India 1,128,000,000
United States 303,000,000
Indonesia 231,000,000
Brazil 186,000,000
Pakistan 162,000,000
Bangladesh 158,000,000

Reflection:

1. Which graph was most useful overall? 

2. Which graph would be most effective for the data in #1 (time)? 

3. Which graph do you have a hard time understanding? 
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Science VI-1
A c t i v i t i e s
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Science 
Standard 

Objective 
 

Connections
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Conduction, Convection, and Radiation: 
An Introduction

Science Standard VI-1–Activities

Standard VI:
Students will understand properties and behavior of heat, light, and sound.

Objective 1:
Investigate the movement of heat between objects by conduction, convection, and 

radiation.

Intended Learning Outcomes:
2. Manifest science attitudes and interests
3. Understand science concepts and principles.

Content Connections:
Science VI-2; Effect of light on materials

1

VI

Background Information

Heat is the transfer of thermal energy between substances that 
are at different temperatures.  Energy is always transferred from the 
warmer object (which has a higher temperature) to the cooler one 
(which has a lower temperature).  Similarly, molecules with a lot of 
energy move faster than molecules with a smaller amount of energy, 
thus causing the former to have more heat.  Heat transfer will continue 
until both objects have reached the same temperature or the same 
speed.

For example, an ice cube in a glass of water eventually melts.  This 
is because the heat from the water, which is warmer, flows to the ice 
cube until both are at the same temperature, and therefore no ice cube 
is left.

There are three methods of heat transfer:  conduction, convection, 
and radiation.  Conduction occurs through direct contact.  When 
two substances come into contact, their particles collide.  The energy 
from the faster-moving substance is transferred to the slower-moving 
substance until they are moving at the same speed.  At this point, their 
temperatures will be the same.  An example of conduction is a spoon 
warming up when it is placed into a cup of hot cocoa.

Convection is the transfer of heat in air or a fluid through currents.    
An example is a pot of water warming up on a hot stove.  As it heats 
up, the particles spread out and become less dense.  The warm water 
on the bottom of the pot rises and displaces the cold water.  As this 
occurs, the cold water sinks.  So hot air rises, cools, and falls.

Radiation is the transfer of energy as electromagnetic waves.  It 
does not need to directly touch anything or move particles as in 
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conduction and convection.  Radiation occurs through empty space, as 
in the sun heating the earth or feeling warm in front of a fire.

Many demonstrations are needed for this experiment.  Prior to 
beginning the lesson, prepare several cups of beans and BBs.  Lay 
cloth and a piece of glass on the snow or colored paper and glass on 
the pavement at least an hour before the lesson.  Plug in the hot plate.  
Heat a cup of water to almost boiling.  Set up the candle spinner or 
create the paper spinner.  Make a transparency of Hogle Zoo Heat!  
Make sure the radiation portion of this lesson is done on a sunny day.

This lesson is divided into heat concepts and could be done over a 
two or three day period if desired.

Research Basis
Loucks-Horsley, S., & Olson, S. (Eds.).  Inquiry and the National Science Education 

Standards: A Guide for Teaching and Learning. Washington, D.C: National Academies 
Press, 2000.

Word Smith as you Choose discusses engaging students in exploring 
and communicating their thinking through writing, which has shown 
tremendous benefits in science and mathematics. Writing explorations 
help students in understanding concepts more deeply, improving 
problem solving strategies, assessing their personal thinking skills, 
learning to consider themselves as deep thinkers, and overall becoming 
better learners in and out of the classroom.  Journals are concrete and 
visible evidence of student thinking, effort, and progress.  They should 
show if students have or have not achieved the desired learning, if 
they have misconceptions, their reflections, their journey towards 
understanding a concept, and/or if more instruction is needed. 

Kruger, A., & Sutton, J. (Eds.). (2001). EdThoughts: What we know about science teaching 
and learning. Colorado: Mid-continent Research for Education and Learning.

This book supports standards-based reform of science education.  
Research and best practices are provided, as well as ways to improve 
classroom instruction.  A list of additional resources is also available 
for those desiring deeper understanding of certain concepts.  All 
articles rely on the national standards for best practices.  A common 
theme is the importance of quality science education for all students.

Invitation to Learn

Turn a hot plate to high temperature.  Obtain the metal ball and 
ring set and instruct students to obtain their science journals.  Show 
how the ball easily passes through the ring.  Now place the ball on 
top of the hot plate.  Allow it to warm, then try to place the ball 
through the ring again.  It will not work.  Ask the students to write 
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the following in their journals:  What happened when the ball was 
heated?  Why do you think it won’t it go through the ring now?  
What do you think will happen when both the ball and ring are 
heated?  Set the ball and ring on the hot plate as the students write.  
When finished, again place the ball through the ring.  This time, it 
will work.  Were their predictions correct?

Instructional Procedures

Heat is made up of molecules
1. After completing the invitation to learn, leave the hot plate on 

and begin heating up a cup of water.

2. Ask if anyone has an idea of how or why heat affected the 
metal of the ball and ring.  After listening to a few students, 
explain that metal expands when heated and contracts when 
cooled.  Metal is a high conductor of heat.  In other words, 
metal will quickly become hot when it is touched by heat.  
The handle of the ball and ring is made of wood because 
wood is not a high conductor of heat.  Heat flows more 
quickly through metals than it does through woods.

3. Write this definition of heat on the board:  Heat is the transfer 
of energy between two objects at different temperatures.   
Instruct students to write the definition in their journals.

4. Explain that everything is made up of small particles called 
atoms, which have energy and are constantly in motion.  Heat 
is directly associated with groups of atoms, called molecules.  
The hotter something is, the faster its molecules are moving.  
This means that molecules in cold objects move slower than the 
molecules in hot objects.  For heat to transfer, one molecule has 
to bump into another molecule.  

5. Obtain the three clear glass cups (do not use plastic), the food 
coloring, and the measuring cup.  Fill one glass with a cup 
of very cold water, one with a cup warm water, and one with 
the cup of almost boiling water.  Ask the students to make a 
prediction in their journals: what will happen when I put one 
drop of food coloring in each glass?  

6. Allow time for writing then drop the food coloring in each.  
Watch the food coloring spread out, paying special attention to 
the streaks and whether it spreads out evenly within the water. 
Watch the clock and have the students write down observations 
after 0 seconds, 30 seconds, and 60 seconds.  They will notice 

Materials
o Ball and ring set

o Hot plate

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 

Materials
o Hot and cold water

o Hot plate

o Saucepan

o 3 clear glass cups

o Food coloring

o Measuring cup

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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how quickly the coloring in the glass of boiling water spreads 
compared to the others.

7. Ask what this proves about molecules and allow time to share.  
Then explain that water and food coloring are both made up of 
molecules.  The food coloring molecules in a glass of water are 
pushed around by the water molecules and eventually spread 
throughout the glass, even if you don’t shake or stir the water.  
Since molecules in hotter objects move faster than molecules in 
slower objects, the food coloring spreads more quickly in the 
hottest water.

Conduction
1. Ask what situations the students can think of that involve heat.  

List the ideas on the board.  These may include heating a home 
in the winter, sitting by a campfire, cooking or baking, getting 
into a hot tub, blowing on your hands on a cold day, hot car 
seats in the summer, sitting on a beach, touching a hot curling 
iron, etc.  Think of as many ideas as possible.  Leave the list on 
the board.

2. Tell the students that there are three types of heat transfer 
which will be demonstrated today.  To introduce the concept 
of conduction, bring out several cups of beans and BBs.  Allow 
each student to put a finger into one cup, then the other.  
Which is colder?  Ask students to write their observations in 
their journals.

3. If you measure the temperature of the beans and BBs, you’ll find 
they are about the same.  The students probably though the BBs 
were colder.  Explain that this was caused by conduction.

4. Explain that conduction occurs when objects touch.  The heat 
from the warmer object is transferred to the cooler object, 
eventually evening out the temperatures.  In other words, the 
faster molecules from the warmer object bump into the slower 
molecules of the cooler object until they are all traveling at 
the same speed.  Think of “can touch” when you think of 
conduction.  Have students write down their own definition of 
conduction in their journals.

5. Remind the students about the invitation to learn.  What was 
the ball and ring made of? (metal)  What did we learn about 
metal? (conductor of heat)  Brainstorm types of metals: steel, 
iron, gold, silver, copper, etc.  Tell the students that BBs are 
also made of metal.  Since metal is a conductor of heat, the BBs 

Materials
o Bag of beans

o Carton of BBs

o Plastic cups

o Hot plate

o Compound bar

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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only feel colder than the beans because the metal is conducting 
heat away from your hand.  You perceive the heat that is leaving 
your hand as cold.

6. Remind your students about heating up the water for the food 
coloring on the hot plate.  Since the saucepan touched the hot 
plate, heat was transferred from the hot plate to the pan via 
conduction.

7. Next, obtain the compound bar.  Tell the students that this bar 
is made of two different metals.  Allow the students to share 
their ideas about what they think will happen when you touch 
the bar to the hot plate.

8. Turn the hot plate to high and place the bar on top.  Watch 
it bend.  Explain that the curving results from the two metals 
expanding unequally.  Run the bar under cold water or place 
in a container of water.  It will immediately resume its straight 
shape.

9. Look at the list of ideas on the board and ask the students 
which of these have to do with conduction.  If a student 
response is correct, have him/her explain why.  Put a star next 
to the correct responses.

Convection
1. Looking at the list, ideas will remain that do not have to do 

with conduction.  Introduce the second form of heat transfer.

2. Tell the students that convection is the transfer of heat 
through air or fluid through currents.  Ask if they have ever 
noticed the difference in temperature on the top floor of 
their house verses the basement.  That is convection.  Heat 
goes higher; cold creeps lower.  This is why heating vents 
in homes are located along the floor, while air-conditioning 
outlets are located near the ceiling (although in Utah 
the heating vents are sometimes located near the ceiling in 
basements so the builders do not have to put in another set of 
HVAC ducts).

3. Again remind the students about heating the water for the food 
coloring demonstration.  The hot plate caused the saucepan 
to get hot via conduction.  But the water got hot due to 
convection.  The hot water at the bottom of the pan expanded 
and became lighter than the colder water above it.  So the 
heavier water sank to the bottom and the warmer, lighter water 

Materials
o Paper Spinner 

Directions

o Tissue paper

o Aluminum pie tin

o Lighter or matches

o Hot plate

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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rose to the top.  Eventually, after changing places several times, 
the water became hot enough to boil.

4. Obtain a candle spinner or the pre-cut paper spiral attached to 
a string.  Light the candles of the spinner and watch the vanes 
spin.  If using the paper spinner, hold it above a hot plate.  Be 
careful to hold it high enough that the paper will not burn.  
Watch it spin.

5. Ask the students why they think this is happening.  After 
listening to ideas, remind the students that hot air rises.  The 
hot plate produces a current of hot air.  As the air rises, the 
convection produced causes the vanes or spinner to turn.

6. Set up another example of convection by folding a piece 
of tissue paper in half widthwise, then in half widthwise 
again.  Create a prism out of the paper.  Stand it on top of 
the aluminum pie tin.  Using safety precautions, use a lighter 
or match to light the top of each edge of the triangle formed.  
The flames will quickly travel down the prism and get trapped 
inside, then gently raise the tissue paper in the air.  Eventually 
the tissue paper will float down.  Catch it with the aluminum 
tin, let it cool, and then discard.

7. Ask the students what is happening this time.  Heat is again 
rising.  When the heat escapes from the flames, it falls.

8. Look at the remaining list of ideas on the board and ask the 
students which of these have to do with convection.  Also ask 
the students if any of the starred ideas also have to do with 
convection.  If a student response is correct, have him/her 
explain why.  Put a smiley face next to the correct responses.

Radiation
1. Introduce radiation, the transfer of energy as electromagnetic 

waves.  It does not need to directly touch anything or move 
particles as in conduction and convection.  Radiation occurs 
through empty space, as in the sun heating the earth or feeling 
warm in front of a fire.  

2. For the last time, remind the students about boiling water on 
the hot plate.  Tell them that before the sauce pan was even 
placed on the hot plate, the heat could be felt without touching 
the burner.  That is radiation.

3. Tell the class that Ben Franklin, one of our founding fathers, 
experimented with radiation in the 1700s.  One sunny winter 

Materials
o Colored patches of cloth

o A pane of glass

o Infrared temperature 
gun

o Hogle Zoo Heat! 

o Overhead projector

o Test Yourself: 
Conduction, Convection, 
and Radiation sheet

o Test Yourself: 
Conduction, Convection, 
and Radiation answer key

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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day, he and a friend laid colored cloth patches and a pane of 
glass out on the snow and noted how deeply each eventually 
sank into the melting snow below it.  Ask the students what 
they think the results might have been.

4. After listening to the ideas, bring a pad of paper, a pencil, 
and a heat gun outside to the pre-set cloth patches (if it is a 
snowy day) or the paper (if there is no show) set out prior to 
beginning the lesson.  Using the infrared temperature gun, test 
the temperature of each and record the data.  The students 
will see that the black cloth/paper and the glass pane will be 
significantly warmer than the white cloth/paper.  Dark colors 
will also be warmer compared to the lighter colors.  If you did 
use cloth, lift up each piece and note the indentation in the 
snow.  The white will make little to no indentation; the black 
will be the deepest.  Likewise, if using a light pane of glass, it 
too will sink as deep as the black paper.

5. Return to the classroom and have the students note their 
observations in their journals.  Explain that it took a long time 
for the results of Franklin’s experiment to make sense.  We now 
know that black absorbs light and heat, while white reflects 
them.  Similarly, since glass is clear, light travels right through 
it, but absorbs the heat radiated by the sun – the infrared – and 
therefore gets just as hot as the black cloth.  Infrared radiation 
is reflected by the cloth patches because they are opaque.

6. Look at the list of ideas on the board and ask the students if 
any of these have to do with radiation.  Again, items involving 
conduction and convection may involve radiation, as well.  If a 
student response is correct, have him/her explain why.  Circle 
the correct responses.

7. To wrap it up, tell the students that heat is usually transferred 
in all three ways, as in the boiling water discussed throughout 
the lesson.  As another example, place the Hogle Zoo Heat! 
transparency on an overhead projector.  Cover the pictures.  
Take students through the situation presented, uncovering each 
picture as the time comes.  You may also cover all of the words 
of the transparency and allow students to explain the type of 
heat transfer at each step to check for understanding.

8. Pass out a copy of Test Yourself: Conduction, Convection, and 
Radiation to each student to assess their understanding of heat 



7-10 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

transfer.  Have them write down any questions they have about 
these concepts in their journals.

Assessment Suggestions

•	 Ask students to try any or all of the questions on the Test 
Yourself: Conduction, Convection, and Radiation sheet. 

•	 Over a three-day period, have students write down three 
encounters with heat per day in their journals.  How did these 
experiences have to do with conduction, convection, and 
radiation?  After the three days, collect the journals to check 
and assess.

Curriculum Extensions/Adaptations/
Integration

•	 Invite a health care professional to discuss how your body 
maintains temperature and why you might have a fever when 
you are sick.

•	 Show either or both of the DVDs The Convection of Heat or Bill 
Nye’s Heat to reinforce the concepts of energy, conduction, 
convection, and radiation.

•	 Show the seven-minute video from NASA entitled Infrared: More 
Than Your Eyes Can See to learn more about infrared radiation.

•	 Invite a firefighter to discuss fire prevention, how knowledge 
of heat transfer is important to get out alive, why a fire must be 
vented, and the difference in temperature between the top of a 
room and the floor.

•	 Learn about the importance of heat when blowing glass.  If 
possible, attend a glass blowing demonstration.  The Bill Nye 
video contains a small section about glass blowing.

Family Connections

•	 Cook a meal using a Dutch or solar oven.  Discuss how 
conduction, convection, and radiation help in the cooking 
process.

•	 Carefully place a paper cup full of water in a fire and watch 
it boil.  Make sure the cup is surrounded by glowing embers.  
Discuss how conduction, convection, and radiation prevent the 
cup from burning.
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Additional Resources

Media
The Convection of Heat, by Eureka! (Films for the Humanities and Sciences, PO Box 2053, 

Princeton, NJ 08543, www.films.com)

Bill Nye the Science Guy:  Heat (Disney Educational Products, (800) 295-5010, http://dep.
disney.go.com/educational/billnye); ISBN 1-932644-98-9 

Web sites
http://www.nasa.gov/audience/foreducators/topnav/schedule/programdescriptions/Infrared-

More_Than_Your_Eyes_Can_See_5-8.html
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You will need:
 One spiral     Scissors
 A short piece of cotton string  A heat source (candle, hot plate, etc.)

1. Cut out the appropriate circle, then cut along the spiral.  
2. Carefully cut a slit in the mark in the center.
3. Put the piece of string through the slit and knot the end to hold it in place.
4. Turn on the heat source.
5. Hold the string of the spinner above the heat source and watch it turn!

Right-Handed Spinner

Paper Spinner Directions

Left-Handed Spinner
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Choose _____ of the following situations and write your responses in your journal.  Please use at 
least one of the three types of heat transfer in each response.  

1. In the evening, snow falls on a cement sidewalk and on a black top playground.  Which 
surface will melt the snow faster and why? 

2. Two identical cups of hot cocoa are sitting on a table.  One has a metal spoon in it and 
one does not.  After five minutes, which cup is cooler?  

3. When a person steps from a shower on a cold morning, why does the tile floor seem so 
much colder than the air?

4. On a hot summer day, should you close all of the blinds and curtains in your home or 
leave them open?  Why?  

5. Although you do not touch the flames, your chest feels warm while you are sitting in 
front of a fireplace.  Why does your back still feel cold?

6. The outdoor temperature is 85°F, and your friend comes to school in a dark blue outfit.  
Was this a smart clothing choice for today?  Why or why not?

7. Why is your house warmer on the top floor and colder in the basement?

8. Your mom bakes a cake in a glass pan and you use a metal pan.  How does heat transfer 
affect each pan?

9. Explain how the following situation occurs using conduction, convection, and radiation:  
A pot of water boils on a hot stove.

10. Explain how the following situation occurs using conduction, convection, and radiation:  
On a hot day, an ice cream cone in your hand falls on the sidewalk and immediately 
begins melting.

Test Yourself:  Conduction, Convection, and 
Radiation
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Choose _____ of the following situations and write your responses in your journal.  Please use at least one of the 
three types of heat transfer in each response.  

1. In the evening, snow falls on a cement sidewalk and on a black top playground. Which 
surface will melt the snow faster and why? (The playground because it is  black and 
absorbs more heat; the cement is white and reflects the heat.) 

2. Two identical cups of hot cocoa are sitting on a table.  One has a metal spoon in it and 
one does not.  After five minutes, which cup is cooler?  (Since the spoon was cooler than 
the cocoa, some of the heat transferred out of the cup into the spoon, thus making that 
cocoa cooler.)  

3. When a person steps from a shower on a cold morning, why does the tile floor seem so 
much colder than the air?  (Your warm body directly touches the tile, so the warmth 
transfers to the floor and the floor feels cold.)  

4. On a hot summer day, should you close all of the blinds and curtains in your home or 
leave them open?  Why?  (You should close the blinds.  Because the windows are clear 
glass, the infrared will go right through it to warm your home.  Opaque blinds and 
curtains will block the heat from coming inside.)

5. Although you do not touch the flames, your chest feels warm while you are sitting in 
front of a fireplace.  Why does your back still feel cold?  (The fire radiates heat on your 
chest.  It does not go through your body to the other side.) 

6. The outdoor temperature is 85°F, and your friend comes to school in a dark blue outfit.  
Was this a smart clothing choice for today?  Why or why not?  (No!  She’ll be hot 
because of the heat the dark color will absorb.  Lighter colors reflect; pink or another 
light color would have been a better choice.)

7. Why is your house warmer on the top floor and colder in the basement?  (Convection 
currents cause hot air to rise to the top floor, so the cold air stays below.)

8. Your mom bakes a cake in a glass pan and you use a metal pan.  How does heat transfer 
affect each pan?  (The metal conducts the heat and through conduction, cooks the 
brownies; conduction also cooks the brownies in the glass pan, but since infrared goes 
right through the glass, they also cook by radiation.)

9. Explain how the following situation occurs using conduction, convection, and radiation:  
A pot of water boils on a hot stove.  (You can feel the radiation from the burner, the pot 
gets hot because of conducting the heat from the burner, and the water boils because of 
the convection currents which push the hottest water to the top.)

10. Explain how the following situation occurs using conduction, convection, and radiation: 
On a hot day, an ice cream cone in your hand falls on the sidewalk and immediately 
begins melting. (Radiation comes from the sun; conduction occurs when the hot 
sidewalk transfers heat to the ice cream, heat felt above the sidewalk is convection and 
aides in the melting process.)

Test Yourself:  Conduction, Convection, and 
Radiation answer key
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Hogle zoo Heat!
How do conduction, convection, and radioation work together?

It’s a hot morning at Utah’s Hogle zoo.  The sun warms the rocks inside the sea lion 
home.  The rocks become hot due to radiation from the sun.

A sea lion waddles over to a rock and lays down to nap on top of it.  Now the sea lion is 
warmed by the radiation from the sun, but she is also warmed by the conduction from the hot 
rock below her.

When the sea lion wakes up, she is quite hot and decides to jump deep into the water 
below her.  The deeper water is cool and she instantly cools off.  This is because of convection 
and conduction.  The heat from the hot sea lion transfers to the cool water by conduction, 
and the water at the bottom of ther pool is cooler because of convection.
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Science 
Standard 

 

Objective 
 

Connections

Insulation Experimentation

VI

1

Standard VI:
Students will understand properties and behavior of heat, light, and sound.

Objective 1:
Investigate the movement of heat between objects by conduction, convection, and 

radiation.

Intended Learning Outcomes:
1. Use science process and thinking skills
2. Manifest scientific attitudes and interests

Content Connections:
Social Studies IV-2; culture of Ancient Rome

Background Information

This lesson explores conduction, convection, and radiation in 
respect to insulation, the method of preventing heat from escaping a 
container or entering a container.  An understanding of conduction, 
convection, and radiation are needed for optimal understanding of 
these concepts.

As the students will engage in a group experiment, they will need 
background in the scientific method.  The steps in this method are ask 
a question; gather background research; form a hypothesis; experiment; 
analyze your data; draw conclusions; and record your results. 

It is helpful if the students have already done several guided 
experiments using this method in class.  If not, differentiation should 
be used to help those students who need more guidance, whereas more 
advanced students may discover on their own.  

Baby food jars and several insulation materials are needed for this 
lesson.  These include: down, gloves/mittens, cotton sock, wool sock, 
other types of cloth or clothing, sand, plastic foam, dirt, large piece 
of paper, foam packing peanuts, wood, aluminum foil, leaves, paper 
towels, cardboard, cotton balls, shredded paper, fiberglass insulation, 
etc.  Collect them on your own before the experiment or have your 
students bring in items easily accessible from home.  If using fiberglass 
insulation, you will need gloves so the material does not irritate the 
skin.

The ability to transfer heat within an object is called thermal 
conductivity.  It varies for different materials.  Gold, silver and copper 
have high thermal conductivity so these materials are also good 
conductors of electricity.  Other materials, such as glass and mineral 
wool, have low thermal conductivity.  This quality makes them good 
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insulators.  A good insulator is a poor conductor.  Less dense materials 
are better insulators.  Thus, gases insulate better than liquids, which in 
turn insulate better than solids.

An interesting fact is that poor conductors of electricity are also 
poor heat conductors. 

Research Basis
Osman, M., & Hannafin, M.J. (1994). Effects of advance organizing, questioning and prior 

knowledge on science learning. Journal of Educational Research, 88(1), 5-13.

Good questioning requires skill and planning.  Learning is 
maximized in classes where questions are encouraged, elaboration 
and explanation are expected, and feedback is frequent.  Effective 
science teachers ask many higher-lever thinking and follow-up 
questions throughout a lesson.  Better teacher questioning practices 
lead to better learning by all students.  The foundation to good 
questioning is strong content knowledge and a firm understanding of 
how students learn so that misunderstandings may be anticipated.

Chapman, C. & King, R. (2005). 11 Practical Ways to Guide Teachers Toward 
Differentiation.  ERIC Source (ERIC EJ752246). Retrieved December 17, 2007, from 
http://www.eric.ed.gov

Differentiated learning takes student differences into account.  
By focusing on the needs of the individual learner, students will do 
better in school.  Eleven steps are presented to help teachers move 
toward a differentiated curriculum, including knowing the standards, 
varying instructional strategies and activities, creating a positive 
learning climate, providing a wide variety of materials, knowing the 
students, and adjusting assignments when necessary.

Invitation to Learn

Pass out a Which Uses More Energy? sheet to each student.  Allow 
between five and ten minutes for completion and journaling.

Instructional Procedures

1. When students finish the invitation to learn, read each 
energy question and allow students to raise their hands to 
indicate their guess.  Then read each correct answer and the 
reasoning behind it.  Discuss any surprises or reactions to 
this information.  Ask if the kids have any ideas of how we as 
Americans can cut back on using energy.

2. Introduce the term energy conservation (saving energy) in 
relationship to heat.  What do we do to stay warm outside on 

Materials
o Which Uses More 

Energy? half-sheet

o Which Uses More 
Energy? answer key

o Insulation 
Experimentation 
Planning Sheet

o Baby food jars (size 2 
recommended)

o Various insulating 
materials

o Small disposable 
containers

o Plastic Wrap

o Scissors

o Tape

o Research materials 
about insulation

o Microwave

o Microwave-safe bowl

o Water access

o Thermometers

o 50 mL measuring 
syringes

o Insulation Table

o Insulation Graph

o Stopwatches

o Insulation 
Experimentation Sample 
Table & Graph

o Insulation in Ancient 
Rome PowerPoint

o Science journals

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6
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a cold day?  (wear a coat)  How do we save money on heating 
our homes in the winter?  (appropriate insulation)  What are 
some examples of insulation?  (animal fur, towel, blanket, 
portable cooler, fiberglass, wool, foam, down, etc.)

3. Insulators are materials that help prevent any of the three types 
of heat transfer to keep heat in one place (either in or out).  
This aids in energy conservation.  Homes need insulation on 
the roof for protection from the sun (radiation); on the floor to 
protect from the cold ground (conduction); and on the walls to 
protect from the wind (convection).  A well insulated home will 
not have wasted energy and will therefore not use as much heat 
in the winter or air conditioning in the summer. 

4. Explain that the students are going to participate in an 
experiment that explores different types of insulation.  They will 
select a material to insulate a jar of warm water and determine 
whether or not it is a good insulator.  Various insulation 
materials are needed and should be set out prior to the lesson.  
Fabrics should be labeled.  You will need about 40 baby food 
jars for this experiment.  You may ask the students to bring 
some materials from home.  

5. Students should be in groups of about four.  Give each group a 
copy of the Insulation Experimentation Planning Sheet to guide 
preparations in their journals.  Allow for differentiation when 
appropriate; some students may be ready to plan an experiment 
on their own and will not need the planning sheet.  See that 
all students are using their journals to record each step of the 
scientific method.  

6. Before the students begin, discuss some of the following 
questions: What are the variables in your project? (insulation 
materials)  How can you make sure to only test one variable?  
(jars should be the same size; water should be the same amount 
and initial temperature in each jar; all temperature readings 
should be recorded at the same time)  What time intervals 
are appropriate for temperature testing?  (I would suggest 1-3 
minutes between each reading.  Stopwatches may be used for 
accuracy.)   How will you record your observations?  (tables, 
graphs, report format)  Where will you keep your jars?  
(students may opt to take them outside if the temperature is 
cooler)

7. While the students are working, begin warming water in 
microwave.  Ensure it is hot, but not hot enough to burn 
someone.  You may also want to walk around to each group and 
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review how to read the thermometers.  It is also helpful to pre-
cut small pieces of the Glad Press’n Seal Wrap for easy assembly 
later.

8. After forming a hypothesis, each student in the group should 
surround a baby food jar or something similar with one type 
of material, making sure to keep a small amount of the jar 
available on top for sealing.  Each jar should be the same size, 
and each material should be different.  If using dirt or sand, set 
the baby food jar in the center of a small disposable container 
and surround it with the selected material.  

9. When one or two jars per person are finished, use a measuring 
syringe to fill each jar with 100 mL of water, or enough to 
almost fill the jars you are using.  Then place a thermometer 
in each.  Students should immediately record the temperature.  
Seal with the Glad Press’n Seal Wrap while keeping the 
thermometer in the jar for easy readings.  

10. One unsealed jar with a thermometer and no insulation should 
act as the control.  Timed temperature readings should be 
recorded every few minutes.  Observations should be recorded. 
Pass out the Insulation Table and Insulation Graph to those who 
need help recording their data.

11. As the students are working, monitor student progress by 
asking thought provoking questions that focus on student 
understanding.  Use the Insulation Experimentation Sample Table 
& Graph as a tool to help guide your students’ thinking.

12. When students are finished, they should record and analyze 
their data and draw conclusions to answer their question.  
Remind them that all parts of the scientific method need to be 
written up in their science journals. 

13. On day two, have a class discussion about the experiment.  
Based on all data, which insulation was the best?  Which was 
the worst?  Did any jars remain the same temperature?  Share 
differences in experimentation and data.  At the conclusion of 
your discussion, instruct the students to share their conclusions 
in their journals, as well as write any questions they still wonder 
about.

Assessment Suggestions

•	 Hypothesize about what might happen if you tried the 
experiment again, this time recording the temperature for a 
longer amount of time (one, two, even three hours).  Which 



7-20 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

materials might work better?  Will there be a point when none 
of the jars are insulated well enough to keep the water warm?  
To assess a students’ understanding of the scientific method and 
the experiment done in class, have them write up how to set up 
this experiment.  If more time is available, try it!

•	 Remind the students that metals are excellent conductors of 
heat.  Based on your experiment, did that make them good or 
poor insulators?  Why?  (Good conductors cannot be insulators 
because conductors remove heat, not sustain it.)

•	 Could you design an experiment to measure keeping things 
cool?  Ask students to journal their ideas.

Curriculum Extensions/Adaptations/
Integration

•	 Invite an HVAC (heating, ventilation, and air conditioning) 
professional to explain how he/she knows how many radiators 
or ducts are needed to heat a room.

•	 Challenge advanced students to research how insulation 
techniques have changed over time, or how different societies 
throughout history have heated their living environment.

•	 Research extreme temperatures throughout the world at 
http://members.iinet.net.au/~jacob/worldtp.html and energy 
conservation techniques used in those regions.

•	 Visit the Utah Energy Conservation Coalition website at www.
utahenergy.org to learn about energy conservation techniques 
used in homes in Utah.

•	 Show the PowerPoint presentation entitled Insulation in Ancient 
Rome.  This explores the concept of hypocausts, most likely 
developed by the Ancient Romans, and how they were used.  
You may also build a model of a hypocaust using bricks and 
tiles.  Simple instructions can be found at www.mylearning.org/
learning/investigate-archaeology/Roman%20Central%20Heating.
pdf.

Family Connections

•	 Have students learn about the amount and type of insulation in 
their own homes, including techniques used by their families 
to stay warmer in the winter (i.e. plastic on windows, towels on 
floor by doors, electric blankets, etc.).
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•	 Have students and their families design and put into place an 
energy conservation plan in their homes to save on energy bills.

Additional Resources

Web sites
www.mylearning.org/learning/investigate-archaeology/Roman%20Central%20Heating.pdf 

http://members.iinet.net.au/~jacob/worldtp.html

Organizations
National Insulation Association, 99 Canal Center Plaza, Suite 222, Alexandria, VA 22314, 

(703) 683-6422, insulation.org

Utah Energy Conservation Coalition, Inc. and Energy Rated Homes of Utah, 112 South 
Mountain Way Drive, Orem, UT 84058-5118, (800) 550-8322, www.utahenergy.org
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Energy is the ability to do work.  Circle the option that you think uses the most energy.

1. All electric power plants or all U.S. cars?

2. Coal power plant or space shuttle?

3. 20 light bulbs or a horse?

4. The space shuttle or 50 airplanes?

5. A big ship or a big airplane?

6. An SUV or 100 horses?

7. 2,000 light bulbs or a small car?

8. On average, one American or two people from somewhere else in the world?

In your science journal, brainstorm a list of daily activities that use energy.  Try to think of at 
least ten.

Which Uses More Energy?

Energy is the ability to do work.  Circle the option that you think uses the most energy.

1. All electric power plants or all U.S. cars?  All U.S. cars (all U.S. cars = 7 times all power 
plants)

2. Coal power plant or space shuttle?  Space shuttle  (space shuttle = 14 plants)

3. 20 light bulbs or a horse?  20 light bulbs  (20 light bulbs = 2 horses)

4. The space shuttle or 50 airplanes?  Space shuttle  (space shuttle = 56 airplanes)

5. A big ship or a big airplane?  Big airplane  (4 airplanes = 5 ships)

6. An SUV or 100 horses?  SUV  (SUV = 160 horses)

7. 2,000 light bulbs or a small car?  Light bulbs  (car = 1,000 light bulbs)

8. On average, one American or two people from somewhere else in the world?  One 
American  (Americans use 5 times as much power:  100 light bulbs a year compared to 
20 light bulbs a year)

In your science journal, brainstorm a list of daily activities that use energy.  Try to think 
of at least ten.  These may include:  television, computer, lights, music players and other 
electronics, stove, oven, washer/dryer, car, bath, outside doors, thermostat, fireplace, 
windows, appliances, such as toaster, blow dryer, can opener, etc.

Which Uses More Energy? Answer Key
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You will need:

1. Your science journal and a pencil

2. One or two baby food jars for each member of your group, plus an extra

3. One thermometer for each jar

4. One type of insulation for each jar

5. Tape, scissors, or other to secure your insulator

6. Plastic wrap

7. A stopwatch, timer, or watch with a second hand

Consider the following as you plan your experiment.  Write your responses in your journal.  

1. Write down the question:  Which insulator will keep a jar of warm water warmest the 
longest?

2. What background knowledge do you have to answer this question?  Think about 
conduction, convection, and radiation.

3. Based on your background knowledge, what is your hypothesis?  You may use the 
classroom resources to do some research if you choose.

4. Identify the variables in your experiment.

5. Identify the controls.

6. Obtain one jar and one type of insulation for each person in your group.  Will you put 
the insulation around the bottom of each container or just the sides?

7. Each jar should contain the same amount of water.  Test the temperature immediately 
after adding the water to each glass.  Seal quickly with plastic wrap.  Leave one jar of 
water with no insulation as a control.

8. Record the temperature every one to three minutes.  When will you stop recording the 
temperature?

Consider the following during your experiment.  Write your responses in your journal.  You may 
want to use pictures, graphs, or tables to help.

1. How does the temperature change over time?

2. Record your data.  How did you make sure all results are accurate?

3. While recording your data, begin a table and graph to show your results. 

4. Write a conclusion based on your results.  Which was the best insulator and which was 
the worst?  How do you know?  Don’t forget to state whether or not your hypothesis was 
correct.

Insulation Experimentation Planning Sheet
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Materials,
Time, & 
Degrees 

(F)

Control
Material 1

_________

Material 2

_________

Material 3

_________

Material 4

_________

Material 5

_________

Starting 
Temp

 
___ min

 ___ min

 
___ min

 ___ min

 ___ min

___ min

 ___ min

___ min
Change in 
temp from 

start to 
finish

Insulation Table

Insulation Graph

Te
m

pe
ra

tu
re

Time
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Materials,
Time, & 
Degrees 

(F)

Control

52% 
cotton; 

48% poly 
fabric

100% 
acrylic 
fabric

rocks

80% 
cotton; 

20% poly 
fabric

black 
paper

Starting 
Temp (in °)

118 118 118 118 118 118

 1 min 116 116 111 115 116 116

 2 min 114 112 110 113 111 114

 3 min 110 112 109 111 110 112

4 min 110 112 109 109 110 112

5 min 108 112 108 107 110 110

6 min 107 112 108 107 109 110

Change in 
temp from 

start to 
finish

11 degrees 6 degrees 10 degrees 11 degrees 9 degrees 8 degrees

Since the 52% cotton/48% polyester fabric only had a change of 6 degrees, it is the best insulator.

Insulation Experimentation Sample Table

Insulation Experimentation Sample Graph
120°

118°

116°

114°

112°

110°

108°

106°

104°

102°

100°
 Control 52% C 100% rocks 80%C black
  48% P acr.  20% P paper

Insulation Materials

120°

118°

116°

114°

112°

110°

108°

106°

104°

102°

100°
 1 2 3 4 5 6 

Time (minutes)
 Control 52% C 100% rocks 80%C black
  48% P acr.  20% P paper
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Standard 

 

Objective 
 

Connections

Was Goldilocks Telling the Truth?

VI

1

Standard VI:
Students will understand properties and behavior of heat, light, and sound.

Objective 1:
Investigate the movement of heat between objects by conduction, convection, and 

radiation.

Intended Learning Outcomes:
2. Manifest Scientific Attitudes and Interests
6. Understand the Nature of Science

Content Connections:
Language Arts VIII-1, 2, 3, 4; use the writing process

Background Information

The students will need background in the scientific method.  The 
steps in this method are ask a question; gather background research; 
form a hypothesis; experiment; analyze your data; draw conclusions; 
and record your results. 

It is helpful if the students have already done several guided 
experiments using this method in class.  If not, a planning sheet is 
provided to allow for differentiation.

Prior to beginning this lesson, set up the oatmeal, bowls, and other 
materials.  Plan enough time to use a microwave or hot plate to heat up 
the oatmeal and water mixture.  You may also want to have a couple 
of crock pots on hand to keep the oatmeal hot.  The ratio for making 
�porridge� from oatmeal and water is one cup of water to ½ cup of 
oatmeal.  Time for warming in the microwave will vary based on how 
much is used.  Cook on high for three minutes at a time and stir in 
between.

Students should use a different thermometer for each set of 
bowls.  They should also have a small ice bath available to store the 
thermometer between readings.

Since the students will be using bowls of different materials in 
this experiment, they may use any knowledge of insulation materials 
when making their choice of which to use.  If you have multiple sets of 
bowls, they may choose to test two different materials.

The porridge portion of the story of Goldilocks and the Three Bears 
will be proven wrong in this experiment.  Goldilocks said the big bowl 
was too hot, the medium-sized bowl was too cold, and the smallest 
bowl was “just right.”  The students will learn that bigger things lose 



Utah State Office of Education/Utah State University 7-27

Materials
o Goldilocks and the 

Three Bears 

o Was Goldilocks Telling 
the Truth? Experiment 
Planning Sheet

o Multiple sets of bowls 

o Oatmeal

o Hot water

o Microwave 

o Crock pot

o 1 cup and ½ cup 
measuring cups

o Was Goldilocks Telling 
the Truth? Sample Table 
and Graph

o Goldilocks Table

o Goldilocks Graph

o Science journals

o Thermometers

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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heat more quickly and smaller things sustain heat the longest, thus 
making the big bowl too cold, the small bowl too hot, and the medium-
sized bowl “just right.”

Research Basis
Rossman, Alan D. “Managing Hands-On Inquiry.” Science and Children 31(1993): 35-37.

Science teaching has moved from conventional teaching to actively 
involving students in meaningful, hands-on inquiry experiences.  
These experiences are centered on student investigation and problem 
solving, cultivating positive attitudes toward science and learning in 
general, and enabling them to learn to think critically and creatively for 
themselves.  With inquiry, teachers become facilitators, not presenters, 
while students become not passive learners, but participants in the 
creation of understanding. 

Klentschy, M. (2005). Science Notebook ESSENTIALS.  ERIC Source (ERIC EJ721629). 
Retrieved November 30, 2007, from http://www.eric.ed.gov

Science journals should be a record of students’ questions, 
predictions, evidence, conclusions, and reflections.  All should lead to 
an understanding of “big ideas” of science, as well as act as a literary 
tool to help students answer questions about the world around them.  
Language is the most important way for students to arrive at scientific 
understanding.

Invitation to Learn

Write the following instructions on the board:  In your journals, 
write or draw what you remember about the story of Goldilocks and 
the Three Bears.  What does this story have to do with heat?

Instructional Procedures

1. Prior to beginning this lesson, prepare the oatmeal/water 
mixture and set out all supplies, including the microwave or 
hot plate and saucepan.  You may want to warm the porridge 
before beginning the lesson and keep it warm in a crock pot 
until using.

2. Read and share the pictures of Goldilocks and the Three 
Bears by Caralyn and Mark Buehner, or another version of 
your choosing.  A Big Book version may be available at your 
district media center.

3. Ask the students what the story has to do with heat.  They 
should recognize the too hot, too cold, and just right 
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temperatures of the bowls of porridge.  Reread this portion 
of the story.  Ask the students to think about what they have 
learned about heat.  Is this scenario really possible?

4. Explain that students will design an experiment to test this 
question.  Students should be in groups of three.  Steps of 
the scientific method should be followed.  All documentation 
should be written in their science journals.

5. Before assigning groups, allow students time to design the 
experiment on their own.  Provide the Was Goldilocks Telling the 
Truth? Experiment Planning Sheet for those students who need 
some assistance with this process.

6. Organize the small groups once students have had time to think 
about the experiment on their own.  Students should share their 
ideas with their group members and come to a consensus on the 
procedure.  They may test two different sets of bowls if enough 
materials are available.

7. Begin warming the porridge in the microwave as the students 
are planning the project with their group members.  Exercise 
safety precautions while using the hot oatmeal and make sure 
your students do the same.

8. Before the students begin, discuss some of the following 
questions: What are the variables in your project? (the size of 
the bowls)  How can you make sure to only test one variable?  
(the amount of oatmeal in each bowl should be the same)  
What time intervals are appropriate for temperature testing?  
(I would suggest 1 ½ - 3 minutes between each reading.  
Stopwatches may be used for accuracy.)   How will you record 
your observations?  (tables, graphs, report format)  

9. As the students work, prompt their thinking with questions 
from the Was Goldilocks Telling the Truth? Experiment Planning 
Sheet.  Make sure the students are continually logging their 
observations in their journals.  You may provide the Goldilocks 
Table or Goldilocks Graph to help with this process.  You may 
also use the Was Goldilocks Telling the Truth? Sample Table and 
Graph to guide your questions for your students.

10. When the students finish, ensure that they have written all 
of their conclusions in their journals.  Also ask them to write 
down any other wonderings as well.
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Assessment Suggestions

•	 Watch for claims, evidence, and correct data and conclusions in 
the students’ journals.

•	 Instruct students to rewrite the story of Goldilocks and the Three 
Bears using creativity and what they have learned from the 
experiment.

Curriculum Extensions/Adaptations/
Integration

•	 Try the experiment with substances other than porridge like 
soup or hot chocolate.  Were the results the same?

•	 Record class results in graphs and tables.  Have the students 
determine the average drop in degrees or the range of 
temperatures for each bowl. 

Family Connections

•	 Have students share their rewritten story of Goldilocks with a 
younger sibling.

Additional Resources

Books
Goldilocks and the Three Bears, by Caralyn and Mark Buehner; ISBN 0803729391
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Experiment Planning Sheet

You will need:

1. Your science journal and a pencil

2. One set of three bowls of the same material.  You may try another set of a different 
material if desired.

3. 1 ½ cups of warm “porridge” (½ cup oatmeal: 1 cup water)

4. One thermometer for every set of bowls

5. A bowl of very cold water

6. A stopwatch, timer, or watch with a second hand

Please plan the following prior to your experiment:

1. What is your question?  

2. What background knowledge do you have to answer this question?  

3. Based on your background knowledge, what is your hypothesis?

4. Identify the variables in your experiment.

5. Identify the controls.

6. What types of containers will you use?  Why?

7. What time intervals will you use to test the temperature?

8. Use a different thermometer for each set of bowls.  Store them in an ice bath between 
readings.

Consider the following during your experiment.  Write your responses in your journal.  You 
may want to use pictures, graphs, or tables to help.

1. How does the temperature change over time?

2. Did the size of the container affect the loss of heat?  How?

3. Did the type of material of the container affect the loss of heat?  How?

4. Record your data.  How did you make sure all results are accurate?

5. While recording your data, begin a table and graph to show patterns in heat loss.  
Can you predict how much the temperature will drop each time you check the 
thermometer?

6. Write a conclusion based on your results.  Don’t forget to answer your question and 
state whether or not your hypothesis was correct.

7. What questions do you still have?  Write these wonderings in your journal.

Was Goldilocks Telling the Truth?
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Bowls,
Time, & 
Degrees 

(F)

Large 
Glass

Medium 
Glass

Small 
Glass

Large 
Tupperware

Medium 
Tupperware

Small 
Tupperware

Starting 
Temp (in °)

142 142 142 142 142 142

 3 min 90 105 110 99 103 103

 6 min 86 99 105 97 100 101

 9 min 85 98 101 93 98 99

12 min 84 95 99 90 95 98

15 min 80 89 95 82 88 91

18 min 73 81 91 79 82 85

21 min 71 80 84 78 80 83

24 min 70 79 84 71 75 80

Change in 
temp from 

start to 
finish

75 degrees 66 degrees 61 degrees 74 degrees 70 degrees 65 degrees

Was Goldilocks Telling the Truth? Sample Table

Was Goldilocks Telling the Truth? Sample Graphs

142°
136°
130°
124°
118°
112°
106°
100°

94°
88°
82°
76°
70°

0°
 2 4 6 8 10 12 14 16 18 20 22 24 

Time (minutes)
 Large Medium Small 
 bowl bowl bowl  

142°
136°
130°
124°
118°
112°
106°
100°

94°
88°
82°
76°
70°

0°
 2 4 6 8 10 12 14 16 18 20 22 24 

Time (minutes)
 Large Medium Small 
 bowl bowl bowl  

Glass Bowls Tupperware Bowls
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Bowls,
Time, & 
Degrees 

(F)

Large 
Bowl

Medium 
Bowl

Small 
Bowl

Large 
Bowl 2

Medium 
Bowl 2

Small 
Bowl 2

Starting 
Temp (in °)

___ min

___ min

___ min

___ min

___ min

___ min

___ min

___ min

Change in 
temp from 

start to 
finish

Goldilocks Table

Goldilocks Graphs

Time (minutes)Time (minutes)

Glass Bowls Tupperware Bowls

Te
m

pe
ra

tu
re

Te
m

pe
ra

tu
re
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Standard 
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Make It Metric 

Math Standard IV-2–Activities

Standard IV:
Students will understand and apply measurement tools and techniques and find 

the circumference and area of a circle. 

Objective 2  :
Identify and describe measurable attributes of objects and units of measurement, 

and solve problems involving measurement.

Intended Learning Outcomes:
1. Develop a positive learning attitude toward mathematics.
3. Reason logically, using inductive and deductive strategies and justify 

conclusions.
4. Communicate mathematical ideas and arguments coherently to peers, 

teachers, and others using the precise language and notation of mathematics.

Content Connections:
Math I-1; Using powers of ten

IV

2

Background Information

Most countries use the metric system.  With the increasingly global 
marketplace, citizens of the United States are exposed to more usage of 
this system.  It is important for students in the educational system to 
have a knowledge of the metric system—its components, organization, 
and common benchmarks—to be able to use the system in the real 
world.

The metric system is based on powers of ten.  This makes 
calculations and conversions simple. The prefixes are used across the 
measurement types to denote the magnitude, or power of ten of the 
measurement.   

Prefix kilo hecto deka UNIT deci centi milli

Unit: meter kilometer hectometer dekameter meter decimeter centimeter millimeter

Abbreviation km/K hm dam m dm cm mm

Meaning 1000 m 100 m 10 m 1 m 0.1 m 0.01 m 0.001 m

Power of Ten 10^3 10^2 10^1 10^0 10^-1 10^-2 10^-3

Prefix kilo hecto deka UNIT deci centi milli

Unit: meter kilogram hectogram dekagram gram decigram centigram milligram

Abbreviation kg hg dag g dg cg mg

Meaning 1000 g 100 g 10 g 1 g 0.1 g 0.01 g 0.001 g

Power of Ten 10^3 10^2 10^1 10^0 10^-1 10^-2 10^-3



8-4 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

Prefix kilo hecto deka UNIT deci centi milli

Unit: meter kiloliter hectoliter dekaliter Liter deciliter centiliter milliliter

Abbreviation kL hL daL L dL cL mL

Meaning 1000 L 100 L 10 L 1 L 0.1 L 0.01 L 0.001 L

Power of Ten 10^3 10^2 10^1 10^0 10^-1 10^-2 10^-3

Research Basis
Peterson, Shelley Stagg.  Teaching content with the help of writing across the curriculum.  

Middle School Journal, November 2007, Vol. 39, Number 2, p26-33. 

This study investigated the value of “discovery writing,” a type of 
writing in which students have some control over the format, topic, 
purpose, and audience, to “staccato writing,” a type of writing with 
little or no control such as filling in blanks, copying notes from the 
board, and short answers to questions, in the content areas.  The 
author found that student control led to greater understanding 
of content area concepts.  “Discovery writing” required greater 
concentrated attention to sorting through and making sense of ideas on 
the part of the learner. 

Tomlinson, Carol Ann.  Differentiating instruction.  Middle Ground, August 2005, Vol. 9, 
Number 1, p12-14. 

The author gives guidelines to help teachers use differentiation.  
Teachers must have “clear learning goals that are rich in meaning and 
provide various avenues and support systems to maximize the chance 
of each student succeeding.”   Through specific examples such as pre-
assessment, meeting with small groups, using multiples presentation 
and teaching modes, creating differentiated homework, scaffolding 
reading, and allowing varied learning products, the author concretely 
helps teachers to provide for the diversity of learners in the classroom.

Invitation to Learn

There are so many things that we measure every day using the 
metric system.  Pre-assess what your students know about this 
measurement system by having them brainstorm terms related to 
metric measurement.  Have students work in cooperative groups of 
two to four students.  Students should write each item on a separate 
Post-It® note.  Allow three to five minutes for this activity.  

Ask students to come up with a way to group or classify the 
items on their Post-It® notes.  Sort the Post-It® notes into columns 

of like items and attach them to a sheet of poster paper for each group 
to display.  Write a heading for each column created.  Some possible 
headings students might use include length, capacity, volume, mass, 
weight, or temperature.  Take time to have groups share their methods 

Materials
o	 Post-It® notes

o	 Poster Paper

o	 Markers

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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of classification.  It is possible that there may be some items in 
columns that are not mathematically accurate.  Be sure to clear up 
any misconceptions as needed.   Leave the classification posters 
created by the groups hanging up in the room for future reference. 

Instructional Procedures

(NOTE:  The activities outlined in Instructional Procedures are 
intended to be taught sequentially.  They will take several lessons/
days to complete with students.) 

1. Read the book Millions to Measure to the class.  Draw 
comparisons from the story to the classification posters 
students made in the Invitation to Learn.

2. Tell students King Henry’s Story.  This story will introduce 
the acronym being used to help students learn the sequence 
of metric prefixes and to make conversions within the 
metric system.  Although many acronyms are possible, these 
activities will be using King Henry Does Usually Drink 
Chocolate Milk.  

3. Tape the Prefix Cards on the board in a “staircase” pattern 
to match the foldable students will be making later in this 
lesson.  The cards should be placed in the following order:  
kilo, hector, deka, UNIT, deci, centi, and milli.

4. Select four students to play the roles of King Henry, the Royal 
Jester, the Royal Magician, and the Royal Carpenter.  The other 
members of the class will be the Royal Subjects.  King Henry 
will wear a crown and hold the canister with King Henry’s 
Commands.  The Royal Jester will wear a hat and hold the 
Digit Cards.  The Royal Magician will wear a hat and hold the 
decimal point wand.  The Royal Carpenter will wear a tool belt 
containing the Royal Carpenter’s Tools.

5. King Henry will select a card from King Henry’s Commands and 
read it to the class.  An example might read:  I command that a 
royal coach 15 meters in length be built to carry me to the ball.  
The Royal Jester then places Digit Cards to represent 15 under 
the UNIT card on the board.  The Royal Magician steps in to 
hold the decimal point wand after the number 15.  The Royal 
Carpenter then reaches into the tool belt without looking and 
pulls out a Royal Carpenter’s Tools card to see what measurement 
is available.  If the Royal Carpenter pulls out “I, the Royal 
Carpenter, have centi______ units available for measurement 
today,” then the 15 meters must be converted to centimeters.  

Materials
o	 Millions to Measure

o	 King Henry’s Story

o	 Prefix Cards

o	 Digit Cards

o	 Costume items

o	 King Henry’s Commands

o	 Royal Carpenter’s Tools

o	 Metric Measurement 

o	 Metric Measurement 
Steps 

o	 Scissors

o	 Gluesticks

o	 Metric Conversion 
Record Sheet

o	 Calculators

o	 Make It Metric 
Dominoes

o	 Metric Tic Tac Toe

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 
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The King may then call on a Royal Subject to help decide which 
direction and how many places the decimal point should move 
to convert the meters to centimeters.  The Royal Magician must 
move the decimal point to the correct place indicated by the 
Royal Subject.  The other members of the Royal Court may 
help decide if the answer is correct.  Rotate the roles to other 
members of the class to get everyone involved.  

6. Have students make the Metric Measurement foldable to use in 
converting within the metric system.  This is a smaller version 
of the steps from the role playing that students can put in their 
journals.  First, have them cut out the seven steps and fold each 
one in half on the double line.  Students will attach them to the 
Metric Measurement paper using glue sticks as you explain each 
one as described in the procedural steps below:

a. Start with the center step labeled “USUALLY.”  Have 
students open the paper step and record inside that the 
word USUALLY stands for “Unit.”  Record that the basic 
units of measurement in the metric system are meter, liter, 
and gram and they have a value of 1 or 10^0.

b. Have students open the step labeled “drink.”  This step is to 
be labeled “deci,” and it has a value of 0.1 or 10^-1.

c. Have students open the step labeled “chocolate.”  This step 
is to be labeled “centi,” and it has a value of 0.01 or 10^-2.

d. Have students open the step labeled “milk.”  This step is to 
be labeled “milli,” and it has a value of 0.001 or 10^-3.

e. Have students open the step labeled “does.”  This step is to 
be labeled “deka,” and it has a value of 10 or 10^1.

f. Have students open the step labeled “Henry.”  This step is to 
be labeled “hector,” and it has a value of 100 or 10^2.

g. Have students open the step labeled “King.”  This step is to 
be labeled “kilo,” and it has a value of 1000 or 10^3.

7. Complete Metric Conversion Record Sheet.  Use the Metric 
Measurement foldable to help make the conversions.  Have a 
class discussion of patterns found.  Have students write about 
the patterns in their journals.

8. Play the game Metric Dominoes.  Students should be allowed 
to use their journal notes, their foldable, and/or a calculator 
to help make the conversions necessary on each domino to 
find matches in this game.  Copy two sets of Make It Metric 
Dominoes on cardstock for each pair of students to play the 
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game.  Have students cut apart the dominoes.  The rules of play 
are as follows:

a. Give each player five dominoes.  Place the remaining 
dominoes in a draw pile.

b. Player 1 places a domino on the table.

c. Player 2 puts down a domino with a metric equivalent.  For 
example, 40 cm and 400 mm are equivalent.

d. Players continue to take turns putting down dominoes one 
at a time.  If a player does not have a metric equivalent, that 
player must continue to draw from the pile until a match is 
possible.

e. The first player to use all of his dominoes is the winner.

Assessment Suggestions

•	 Correct  the Metric Conversion Record Sheet for a grade.

•	 Have students complete the Metric Tic Tac Toe handout.

•	 Have students design their own Tic Tac Toe grid for a peer to 
solve.

Curriculum Extensions/Adaptations/
Integration

•	 Have students write their own acronym for the metric prefixes.

•	 Have students write their own story to fit their metric prefix 
acronym.

•	 Have students use calculators to complete the Metric Conversion 
Record.  Dividing by ten as they move to the left and multiplying 
by ten as they move to the right will help students to see the 
patterns on the calculator. 

•	 Have students make visual representations of some of the 
linear metric measurements.  Lay out one meter of masking 
tape on the students’ tables.  Have students line up base ten 
rods the length of the meter to help them remember that ten 
decimeters are equivalent to one meter.  Have students line up 
centimeter cubes the length of the base ten rods to discover that 
ten centimeter cubes are equivalent to one decimeter, and one 
hundred centimeters is equal to one meter.

•	 Have students look at a teacher-made visual representation of 
one dekameter.  Purchase one dekameter of rope.  Tie knots 



8-8 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

in the rope to mark off each meter.  Color each knot with 
a marker.  Stretch out the rope to show students the length 
of a dekameter to help them remember that a dekameter is 
equivalent to ten meters. 

Family Connections

•	 Have students share the story of King Henry and their Metric 
Measurement foldable with their family.

•	 Have students go on a metric scavenger hunt in their home.  
Record items and/or ways that the metric system is evident in 
their home.  Come back and report their findings to the class.

•	 Have students play Metric Dominoes with their family.

Additional Resources

Books
Millions to Measure, by David M. Schwartz; ISBN 0-688-12916-1

Web sites
http://nlvm.usu.edu/en/nav/frames_asid_272_g_3_t_4.html?open=instructions&from=cate

gory_g_3_t_4.html

http://www.purplemath.com/modules/metric.htm

http://www.mathnstuff.com/math/spoken/here/2class/110/milli/metric.htm
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Once upon a time in a faraway land there lived a king who loved chocolate milk.  His name 
was King Henry.

Throughout his kingdom, King Henry made sure that all of the cows were fed great supplies 
of chocolate to continue to provide him with his beloved chocolate milk drink.  

King Henry drank chocolate milk with his breakfast.  He drank chocolate milk with his 
lunch.  He drank chocolate milk with his dinner.  He even drank chocolate milk for his bedtime 
snack.  King Henry drank chocolate milk by the liters!

King Henry wanted all living creatures in his kingdom to enjoy chocolate milk as much as 
he enjoyed chocolate milk.  However, a liter was not the best serving size for every creature.  

The Royal Carpenter was called for and the command was given for new serving vessels to 
be created to fit every creature in the kingdom.

For the creatures smaller than the king, the Royal Carpenter designed deciliters that were 
1/10th the size of a liter, centiliters that were 1/100th the size of a liter, and milliliters that were 
1/1000th the size of a liter.  The milliliters were just right for the Royal Beetles and Bugs of the 
kingdom.

For the creatures greater than the king, the Royal Carpenter designed dekaliters that were 10 
times the size of a liter, hectoliters that were 100 times the size of a liter, and kiloliters that were 
1000 times the size of a liter.  The kiloliters were just right for the Royal Giants of the kingdom.

The Royal Carpenter lined the vessels up in his workroom from largest to smallest to show 
the king.  The king’s vessel was in the center of the line, for the king was the center of the 
kingdom.  The vessels were arranged in the following order:

kiloliter    hectoliter    dekaliter    liter    deciliter    centiliter    milliliter  

King Henry loved the new vessels that were designed larger and smaller than his own for all 
of the living creatures in his kingdom.  The Royal Carpenter explained that the sizes increased 
and decreased from the king’s liter, the original unit of measurement, by multiples of ten.  He 
explained how to convert between the sizes by multiplying by ten or dividing by ten.  King 
Henry wondered how he would ever remember the order of the vessels.  

The Royal Carpenter said that he remembered them by thinking of a saying.  He said, “I 
remember the order by saying ‘King Henry Does Usually Drink Chocolate Milk’ and then I 
have no problem remembering the order.”

“That is exactly right!” said King Henry.  “Now I shall remember the sizes of the vessels!”

King Henry Does Usually Drink Chocolate Milk

King Henry’s Story
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Prefix Cards

kilo
0
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hecto
0

Math Standard IV-2–Activities



8-12 Elementary CORE Academy 2008

Academy Handbook Sixth Grade

deka
0
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UNIT
meter • liter • gram

0

Math Standard IV-2–Activities
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deci
0
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centi
0
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milli
0
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O 0
0 1

Digit Cards
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2 3
4 5
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6 7
8 9
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King Henry’s Commands

I COMMAND that a royal coach 15 meters 
in length be built to carry me to the ball.

I COMMAND that a royal table be built that 
is 2 dekameters in length to seat the royal 
family for dinner.

I COMMAND that a royal comb be made 
that is 17 centimeters in length to comb my 
royal hair.

I COMMAND that a royal throne be built 
that is 900 decimeters in height from which 
I may rule over my royal subjects.

I COMMAND that a royal doghouse be 
built for the royal great dane that is 5000 
millimeters in length.

I COMMAND that a royal sword be made 
that is 16 decimeters in length to slay the 
dragons that threaten the royal kingdom.

I COMMAND that a royal tub be made that 
will hold 142 liters of water for my royal 
bath. 

I COMMAND that a royal flower vase be 
made that will hold 214 centiliters water for 
the royal roses.
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I COMMAND that a royal trough be made 
that will hold 23 dekaliters of water for the 
royal horses in the royal stables.

I COMMAND that a royal pitcher be made 
that will hold 8 hectoliters of chocolate milk 
for my royal birthday party celebration.

I COMMAND that a royal bowl be made that 
will hold 6 deciliters of royal stew for my 
royal supper.

I COMMAND that a royal plate with a 
jeweled edge be made that weighs 3 
hectograms for my royal supper.

I COMMAND that a royal crown be 
designed that weighs 398 grams for my 
royal self to wear to the royal ball.

I COMMAND that a royal statue of myself 
be built that weighs 567 kilograms to be 
placed in the royal town square.

I COMMAND that a royal goblet encrusted 
with jewels be designed that weighs 986 
decigrams for my royal self to use every day 
to drink my chocolate milk.

I COMMAND that a royal scepter be 
designed that weighs 64 dekagrams to be 
used at royal knighting ceremonies.

Math Standard IV-2–Activities
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Royal Carpenter’s Tools

I, the Royal Carpenter, have kilo______ 
units available for measurement today.

I, the Royal Carpenter, have hecto_______ 
units available for measurement today.

I, the Royal Carpenter, have deka_______ 
units available for measurement today.

I, the Royal Carpenter, have base units 
of meters, liter, or grams available for 
measurement today.

I, the Royal Carpenter, have deci_______ 
units available for measurement today.

I, the Royal Carpenter, have centi________ 
units available for measurement today.

I, the Royal Carpenter, have milli_______ 
units available for measurement today.
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King

Metric Measurement Steps

Henry does USUALLY

drink chocolate milk
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Make It Metric Dominoes

0.4 m

4,000 m

0.4 m

4,000 m

4 m

40,000 dm

4 m

40,000 dm

0.04 m

40 cm

0.04 m

40 cm
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40 mm

4,000 mm

40 mm

4,000 mm

4 cm

4 dm

4 cm

4 dm

40 dm

4 km

40 dm

4 km
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Name 

Metric Tic Tac Toe
Directions:  Find three equivalent measures in a row to complete a Tic Tac Toe.

5 kg 5000 g 50 hg

5 mg 5000 cg 5 g

5 hg 50 cg 500 cg

7 km 700 dam 7 m

7 m 70 cm 700 cm

7 cm 7 dam 70 dm

80 mL 8 kL 8 L

8 dL 80 cL 800 mL

800 L 80 hL 8 daL

2 kg 20 mg 20 g

20 hg 2 dag 200 g

200 dg 2 cg 2 hg

3 hm 30 cm 3000 m

30 m 30 dam 300 dam

300 cm 3 m 300 m

9000 L 90 hL 900 daL

90 L 90 daL 900 L

900 dL 9000 cL 9 kL
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Getting Serious About Cylinders 
– Surface Area and Volume

Math Standard IV-2–Activities

Standard IV:
Students will understand and apply measurement tools and techniques and find 

the circumference and area of a circle.

Objective 2:
Identify and describe measurable attributes of objects and units of measurement, 

and solve problems involving measurement. 

Intended Learning Outcomes:
1. Develop a positive learning attitude toward mathematics.
2. Become effective problem solvers by selecting appropriate methods, 

employing a variety of strategies, and exploring alternative approaches to 
solve problems.

3. Reason logically, using inductive and deductive strategies and justify 
conclusions.

Content Connections:
Mathematics II-1; Using patterns, Social Studies 4-1; Explore cultures of ancient 

civilizations

IV

2

Background Information

To find the surface area and volume of a cylinder, students must 
first be able to look at the parts of this geometric solid.  A cylinder 
has two circular faces known as bases that are connected by a curved 
surface known as the lateral surface.  The two circular bases are 
parallel and have the same area.    

The volume of the cylinder is the amount of space inside the 
cylinder.  To find the volume, students will first need to know the area 
of the circular base.  The formula for the area of the circle is the same 
as that used in surface area or π r².  They next must know the height 
of the cylinder.  To find the volume, they must multiply the area of the 
circle by the height of the cylinder.  The formula is V = Bh where B = 
the area of the circular base or π r² and h = the height of the cylinder.   
Thus, the final formula is V = π r²h.  Volume is measured in cubic 
units.

It is helpful to consider the net of the cylinder to see how surface 
area is determined.  When a cylinder is taken apart and looked at as 
a net, there are two congruent circles and a rectangle.  The surface 
area includes the sum of the areas of each circle (the bases) and the 
rectangle (the lateral surface).  Thus, students must have previously 
learned how to find the areas of circles and rectangles.  The formula for 
the area of a circle is π r².  The formula for the area of a rectangle is bh.  
When looking at the net, students will need to see that the dimensions 
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of the rectangle are equal to the circumference of the circle and the 
height of the cylinder.  The formula is developed as follows:  S = 2πr² + 
2πrh where S is the surface area, r is the radius of the base, and h is the 
height of the cylinder.  Surface area is measured in square units.

Research Basis
Pierce, Rebecca L., & Adams, Cheryll M.  Tiered lessons. Gifted Child Today, Spring 2004, 

Vol. 27, Number 2, p58-65. 

Based on tenets of differentiated instruction supported by the 
NCTM, the authors of this article define tiered lessons and outline 
eight steps to designing them.  The three main ways to differentiate a 
lesson are guided by student’s readiness, interest, or learning profile.  
Grouping for differentiated instruction is designed to be flexible from 
one lesson to the next. 

Pugalee, David K.  Writing, mathematics, and metacognition:  looking for connections 
through students’ work in mathematical problem solving.  School Science and 
Mathematics, May 2001, Vol. 101, Number 5, p236-245. 

This study looked for evidence of a metacognitive framework 
based on students’ writing about mathematical problem-solving 
processes.  Students’ writing was analyzed from the introduction of 
a topic through the execution of problems on the same topic.  The 
findings proved that a metacognitive framework is established through 
the process of writing.  Furthermore, the author emphasizes the 
importance of writing as an integral part of mathematics curriculum.  

Invitation to Learn

Hold up a cylinder.  Ask students to identify the geometric solid.  
Review the parts of a cylinder with the students, focusing on the 
two circular faces called bases and the curved surface.  Note that 
the two circular bases are parallel and congruent.  Point out the 
circumference of the circular bases and the height of the cylinder.  

Tell students we are going to play a game with some cylinders.  
Each student will need a copy of the handout Which Is Larger? 
on which to mark their answers.  The teacher will need to have a 

collection of ten cylindrical objects hidden from student view in a 
tub.  Have each cylinder numbered one through ten.  One at a time, 
hold up a cylinder and have students predict through their powers 
of observation which is larger, the height of the cylinder or the 
circumference of the base.  After students have recorded their estimate 
for all ten objects, it is time to check their answers.  One at a time, 
measure the height and circumference of each cylinder in front of the 
group.  A possible discovery is that the circumference is often larger 
than the height.  It is a common misconception that the reverse is true.  

Materials
o	 Which Is Larger?

o	 Measuring tapes

o	 Collection of cylinders
1 

2 
3 

4 
5 

6 
7 

8 

6
7 

6

88 
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Instructional Procedures

(NOTE:  The activities outlined in Instructional Procedures are 
intended to be taught sequentially.  They will take several lessons/
days to complete with students.) 

Surface Area
1. Give each student a roll of Lifesavers® candy.  Discuss with 

students what the package/label of this cylindrically-shaped 
candy would look like if it were opened up and laid out flat.  
This would be called a net.  Have students carefully open up 
the package and lay out the net.  Discuss with students what 
the net of a closed cylinder (top and bottom included) looks 
like.  Have students attach the wrapper/net of the cylinder in 
their journals and write about its parts.

2. Provide students with a copy of Net of Cylinder.  Cut out the 
net and construct the cylinder, but do not tape it together.  
It is important for students to see how the construction 
works and how to lay it flat to see the components.  Students 
may need to put the cylinder together and lay it flat several 
times as they are learning.  Note how the circumference 
of the circle is actually the base of the rectangle.  Write 
“circumference” along the base of the rectangle.  Next, point 
out that the height of the cylinder is also the height of the 
rectangle.  Write “height” along the height of the rectangle.   
This net can also be saved and placed in student’s journals for 
future reference.  

3. Tell students that knowing the parts of a cylinder can help 
to find its surface area.  Have a discussion on the definition 
of surface area.  It is the “wrapper” or “skin” of the cylinder 
because it includes the top, bottom, and curved side.  Discuss 
why people might want to find the surface area of a cylinder.  
A possible answer might be to know how much tin is needed 
to make a tin can in order to calculate the material cost of 
production. 

4. Give each student a copy of Surface Area of Cylinder.  Ask 
students to determine the area of the cylinder by counting the 
squares.  For the rectangle, students can multiply base times 
height.  Have students record their answer for the rectangle on 
the net.  For the circles, have students count the whole squares 
and then estimate the partial squares by putting them together 
to create whole squares.  The answers will not be perfect, but 
should be close.  Have students record their answers for each 

Materials
o	 Roll of Lifesavers®

o	 Net of Cylinder

o	 Surface Area of Cylinder

o	 Surface Area Patterns

o	 Cardstock paper 

o	 Scotch tape

o	 Filler materials

o	 Volume Discoveries 

o	 Model of rectangular 
prism

o	 Effects on Volume

o	 Calculators

o	 Will You Be Wet or 
Dry?

o	 Water collection cans

o	 Measuring tapes

o	 Water

o	 Graduated cylinders

o	 Rain poncho

o	 Towels

o	 Paper

o	 Whiteboards

o	 Scissors

1 
2 

3 
4 

5 
6 

7 
8 

6
7 

6

88 

Base

Lateral Area

Base

Circumference

H
e
i
g
h
t
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circle on the net.  Have students add together the area of the 
rectangle plus the area of each circle to find the total surface 
area.  They may record their answers on the handout.

5. Discuss whether counting squares is the most efficient 
method for finding the surface area of a cylinder.  Make sure 
students see that the surface area is “2 x area of circle + area of 
rectangle.”  

6. Guide students to use the formula for each part of the cylinder.  
First, remember that the top and bottom bases are both 
congruent circles.  Review how to find the area of a circle.  
The formula for this is π r².  Some students may present this 
as π	x	radius	x	radius.		Find	the area of a circle on the Surface 
Area of Cylinder net together as a class using the formula and 
compare it to the students’ estimates by counting squares.  
Remind students that there are two circles, so the first part of 
the formula for finding surface area is 2πr².  Next, find the area 
of the rectangle.  One edge of the rectangle is actually equal to 
the circumference of the circle which is2πr.  The other side is 
equal to the height of the cylinder.  Thus, the formula for the 
rectangle is 2πrh.  Calculate the area of the rectangle together 
as a class using the formula and compare it to the students’ 
estimates by counting squares.  Help students to put together 
the final formula.  The final formula is S = 2πr² + 2πrh where S 
is the total surface area, r is the radius, and h is the height.  All 
final answers on surface area are measured in square units.

7. Have students complete the handout Surface Area Patterns.  Set 
1 has cylinders that double in radius and height each time.  
The pattern students should discover is that the surface area 
quadruples each time.  Set 2 has cylinders that triple in radius 
and height each time.  The surface area is nine times larger in 
this pattern.  Students must then determine the surface area of a 
fourth cylinder in each set. 

Volume
8. Have students work in cooperative groups of four students 

to complete this activity.  Give each group two sheets of 
cardstock paper of the same size.  For example, one group will 
have two sheets of 8 1/2" x 11", another group will have two 
sheets of 8" x 9", another group will have two sheets of 6 ½" 
x 10", and so forth.  Roll the first sheet into a tall, thin open 
cylinder (has no top or bottom) and tape the sides together 
with no overlap or gap.  Fill the cylinder with popcorn or other 
filler.  Roll the second sheet the opposite way and tape it into 
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a shorter, wider open cylinder with no overlap or gap.  Place 
it around the first cylinder.  Have students predict in their 
journals if it will have the same volume of the filled cylinder.  
Slowly, lift and remove the tall cylinder, allowing the filler 
to go into the second cylinder.  Students will find that the 
contents of the first cylinder do not completely fill the second 
cylinder.  By completing this activity, students will be able to 
determine which cylinder has the larger volume.  They should 
also discover that cylinders with the same lateral surface area 
(rectangle) do not always have the same volume.  The size of 
the circular base affects the total surface area and, consequently, 
affects the volume of the cylinder.  Students should discover 
that the shorter cylinder of the two has a larger volume.  
Discuss each group’s findings as a class, and record the findings 
on an overhead transparency of Volume Discoveries.  Have 
students write about their conclusions from this activity in their 
journals, including sketches as needed.   

9. Explain to students that knowing the parts of a cylinder can 
help to find its volume.  Remind students that the volume of 
the cylinder is the amount of space inside the cylinder.  Show 
the students a rectangular prism.  Ask them to remember how 
to find the volume of a rectangular prism.  Have students 
discuss in groups how they might be able to find the volume 
of a cylinder.  Have students share their ideas.  If it has not 
been brought up in discussion already, remind students that 
the formula for volume is base times height or V = Bh.  In this 
case, the base is a circle so students will need to review how to 
find the area of a circle.  The formula for the area of the circle 
is π r².  To find the volume, students must multiply the base by 
the height.  Substituting π r² in the formula for B, the formula 
is thus V = π r²h.  All final answers on volume are measured in 
cubic units.

10. Have students answer the following question in their journals:  
“Which produces a greater effect on the volume of a cylinder—
changing the radius or changing the height?”  After sharing 
student’s ideas, have them complete Effects on Volume handout 
to justify their conclusions.  Students should be able to use 
calculators to complete the computational work.  

11. Explain the steps to the activity Will You Be Wet or Dry? to the 
class.  Have each cooperative group of four students select a 
can from the teacher’s collection.  Students will need to find the 
measurements of the can and fill out the data required on the 
handout Will You Be Wet or Dry? as a group.  After the volume 
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is calculated, groups will take turns presenting their data to the 
teacher and other class members.  The teacher will then fill the 
can with the volume of water determined by the group over a 
team member’s head.  If the calculation is too high, the water 
will overflow onto the student’s head.  If the calculation is too 
low, then all of the water will get poured on their head.  An 
inexpensive rain poncho should be available for students to use 
if they would like.  Be ready for some fun and have the towels 
handy.    

Assessment Suggestions

•	 Have students design a net of a cylindrical can for a new brand 
of peanut butter.  After students have completed the writing and 
design work, they can put the cylinder together.  Have students 
compute the surface area and volume of their can.

•	 Have students place three different cylinders in order from least 
to greatest volume using estimation.  Have students calculate 
the actual volumes of each cylinder to check their work.

•	 Have students correct the Surface Area Patterns handout for an 
assessment grade.

•	 Have students correct the Effects on Volume handout for an 
assessment grade.

Curriculum Extensions/Adaptations/
Integration

•	 Have students look for cylinders in their environment and make 
a list of their findings in their math journals.  

•	 Have students compare the parts of cylinders to the parts of 
cones and pyramids.

•	 Have students learn how to draw cylinders and other geometric 
shapes.

•	 Have students learn how the Mesopotamians used the 
cylindrical shape to invent cylinder seals, a method of marking 
property and signing documents in ancient times.  Have 
students make cylinder seals from clay and put them on strings 
to wear as necklaces as did the Mesopotamians.

•	 Have students learn how the ancient Greeks used the cylindrical 
shape to design columns as part of their architecture.  Have 
students work in groups of five.  Give each member of the 
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group one sheet of 8 ½� x 11� paper.  Tell students that their 
task is to create cylinders of any size to support a 12� x 12� 
whiteboard that will balance as many textbooks as possible on 
top.  Tell students you have also heard that it is possible to 
balance a person on the whiteboard placed on paper cylinders 
instead of textbooks.   Students may use scissors to cut their 
paper, and they may use scotch tape to hold the cylinders 
closed.  

•	 Have students explore volume and surface area of other 
geometric solids.

Family Connections

•	 Have family members look for cylinder shapes at home.  Share 
how cylinders are used.

•	 Have students look for cylindrical food cans.  Compare the 
volumes listed on the labels.  Explain to family members why 
certain cans have a greater volume.

Additional Resources

Books
Ancient Egyptians and Their Neighbors, An Activity Guide, by Marian Broida; ISBN 1-55652-

360-2

An Ancient Greek Temple, by John Malam; ISBN 1904194680

Cubes, Cones, Cylinders, & Spheres, by Tana Hoban; ISBN 0-688-15326-7

How To Draw What You See, by Rudy de Reyna; ISBN 0-8230-2375-3

Web sites
http://www.mathopenref.com/cylindervolume.html

http://mathforum.org/brap/wrap/midlesson.html

http://www.aaaknow.com/geo79x10.htm

http://mykhmsmathclass.blogspot.com/2007/10/class-xactivity-11.html

http://nlvm.usu.edu/en/nav/frames_asid_275_g_3_t_4.html?from=category_g_3_t_4.html

http://nlvm.usu.edu/en/nav/frames_asid_273_g_3_t_4.html?from=category_g_3_t_4.html

http://www.youtube.com/watch?v=PVQ23DjT4sk 

http://archaeology.about.com/od/mesopotamiaarchaeology/ig/Mesopotamian-Art/Cylinder-
Seal.htm

http://illuminations.nctm.org/LessonDetail.aspx?ID=U122

http://www.harcourtschool.com/activity/mmath/mmath_dr_gee.html 

http://io.uwinnipeg.ca/~jameis/PAGES/MYR64.html
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Net of Cylinder
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Surface Area of Cylinder
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Name 

Find the surface area of the following cylinders:

Surface Area = 2πr² + 2πrh
Set 1- Doubling

Cylinder 1    Cylinder 2   Cylinder 3
       

r = 2 cm.    r = 4 cm.   r = 8 cm
h = 3 cm.    h = 6 cm.   h = 12 cm.

S = ________    S = ________   S = ________

What pattern is produced in the surface area as the radius and height of the cylinders in Set 1 
are doubled?  Explain your answer. 

What would the surface area be of a fourth cylinder in Set 1? 

Set 2 - Tripling

Cylinder 1    Cylinder 2   Cylinder 3
       

r = 2 cm.    r = 6 cm.   r = 18 cm.
h = 3 cm.    h = 9 cm.   h = 27 cm.

S = ________    S = ________   S = ________

What pattern is produced in the surface area as the radius and height of the cylinders in Set 2 
are tripled?  Explain your answer. 

What would the surface area be of a fourth cylinder in Set 2? 

Surface Area Patterns

Math Standard IV-2–Activities
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Paper Dimensions Height of Cylinder Which held more?

8 ½” x 11” 8 ½”

8 ½” x 11” 11”

Paper Dimensions Height of Cylinder Which held more?

8” x 9” 8”

8” x 9” 9”

		
Paper Dimensions Height of Cylinder Which held more?

6  ½” x 10” 6 ½”

6 ½” x 10” 10”

Paper Dimensions Height of Cylinder Which held more?

4” x 11” 4”

4” x 11” 11”

Volume Discoveries
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Effects On Volume
Find the volume of the following cylinders:

V = πr²h

Set 1

Control    Change height  Change radius
       

r = 4 cm.    r = 4 cm.   r = 5 cm
h = 5 cm.    h = 6 cm.   h = 5 cm.

V = ________    V = ________   V = ________

Set 2

Control    Change height  Change radius

r = 6 cm.    r = 6 cm.   r = 7 cm.
h = 3 cm.    h = 4 cm.   h = 3 cm.

V = ________    V = ________   V = ________

Question

Which produced a greater effect on the volume of a cylinder—changing the radius or 
changing the height?  Explain your answer. 

Name 
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Will You Be Wet or Dry?

1. Select a can from the teacher’s collection for your cooperative group to use for this 
activity.

2. Use a measuring tape to measure the diameter and height of the can to the nearest 
tenth of a centimeter.

  Diameter = ________________

  Height = __________________

3. As a group, determine the volume of the can based on your measurements.  You may 
refer to your math journals as needed.  Show your work below and explain how you 
found the volume of your can.  Make sure that your units are correct.  (Hint:  One 
cubic centimeter is the same as one milliliter.)

VOLUME = __________________________

4. Bring your can and your volume calculation to the teacher.  One member of your team 
will be selected to test your calculations.  The test will be done by having the teacher 
fill your can with water over the team member’s head.  Remember:  If you calculate too 
high of a number, the water will overflow on the person’s head.  If you calculate too 
low of a number, then all of the water will be dumped on the person’s head.
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Sun

Hubble Space 

Telescope Galaxy Moon Jupiter Alpha Centarui

Sun

Hubble Space 

Telescope Galaxy Moon Jupiter Alpha Centarui

Sun

Hubble Space 

Telescope Galaxy Moon Jupiter Alpha Centarui
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Name 

Please rate these on a scale of 1 - 6, with 1 
being your most favorite and 6 being your 
least favorite.

[    ] Write

[    ] Draw

[    ] Act (Drama)

[    ] Build

[    ] Research

[    ] Music/Singing

Interest Grouping

Name 

Please rate these on a scale of 1 - 6, with 1 
being your most favorite and 6 being your 
least favorite.

[    ] Write

[    ] Draw

[    ] Act (Drama)

[    ] Build

[    ] Research

[    ] Music/Singing

Interest Grouping

Name 

Please rate these on a scale of 1 - 6, with 1 
being your most favorite and 6 being your 
least favorite.

[    ] Write

[    ] Draw

[    ] Act (Drama)

[    ] Build

[    ] Research

[    ] Music/Singing

Interest Grouping

Name 

Please rate these on a scale of 1 - 6, with 1 
being your most favorite and 6 being your 
least favorite.

[    ] Write

[    ] Draw

[    ] Act (Drama)

[    ] Build

[    ] Research

[    ] Music/Singing

Interest Grouping
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You should select any three of the following activities to complete your Astronomy Project. 
   Due Dates: 1st activity: 
     2nd activity: 
     3rd activity:

Tic-Tac-Toe Menu Astronomy

Venn Diagram

Create a Venn Diagram in 
a creative shape comparing 
one object in space to 
another. Choose from: 
planets, comets, asteroids, 
meteoroids, constellations, 
or satellites.

News Article

Write a newspaper article 
detailing a significant event 
in astronomy. Be sure to 
include the 5 W’s: who, 
what, where, when, and why. 
You may also write a news 
brief about an upcoming 
event.

Acrostic poem

Create an acrostic poem 
or phrases and sentences 
about one of the planets. 
Your phrases should apply 
specifically to your planet, 
not just planets in general.

Letter

Write a one-page letter to 
the President explaining 
the benefits of continuing 
the funding for space 
exploration. Include at 
least five “Space Spinoffs” 
used today from the space 
program (for example:
velcro).

Free Space

You create a fun activity 
about your subject. 
Remember to have it 
approved by your teacher 
before you begin.

Space Glossary

Create a glossary of at least 
10 astronomical terms. 
Define each term and 
provide an example of how 
that object is used/found in 
space.

Diary Entries

Write seven diary entries 
that might have been written 
by an astronaut or someone 
working in the space 
program.

Conflict Paper

Should Pluto have been 
demoted to the status of a 
Dwarf Planet, or remained 
classified as a planet? Write 
a 5-paragraph essay stating 
your opinion of this.

Scrapbook Pages

Create two scrapbook pages 
of a space launch. Include 
the purpose of the launch, 
people involved, and time 
line of the launch. (jpl 
website)
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Tic-Tac-Toe Rubric
Type of Activity A Grade B Grade C Grade

Venn Diagram

Venn Diagram 
Drawn
3  similarities, 3 
differences, and 3 
things in common

News Article
News article, at least 
2 paragraphs, and 
includes 5 Ws

Acrostic Poem
One word per letter 
of a planet

Letter

Written in letter 
format, includes 2 
ways we use Space 
Spinoffs

Space Glossary
Includes at least 7 
technology terms and 
definitions

Diary Entries
Includes 5 diary 
entries of at least 3 
sentences each.

Conflict

Includes a thesis 
statement and 2 
- 3 paragraphs why 
Pluto should be a 
planet.

Scrapbook Pages
Two scrapbook pages 
that include 1 of the 
3 requirements
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Instructions for Play: 

You cannot 

Winning Strategies: 

N I M
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Sunray Data Collection Sheet

Angle of Thermometer to Sun’s Rays

0 degrees 30 degrees 60 degrees 90 degrees

beginning 
temperature

10 minutes

20 minutes

30 minutes 

AVERAGE 
TEMPERATURE

What did you discover about the angle of the sun’s rays and the temperature?

Sun’s
Rays

0º

30º

60º90º

Name 
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 0° 30° 60° 90°

Angle to the Sun

Sunray Bar Graph

 Least Direct Sunrays Most Direct Sunrays 
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Earth Models
Western Hemisphere Eastern Hemisphere
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Steps to Model Multiplication of Fractions:

1. First, look at the whole number. That determines the number of beans to start with. 

2. Next, look at the denominator of the fraction. That shows you how many shares (ways to 
divide) the whole number.

3. Then, look at the nominator the fraction. That shows you how many shares you want to 
draw a box around. 

4.  Finally, look at how many beans you covered. That is the answer.

1. 1/6 of 12

1/6 of 12 = 2

2. 3/4 of 12 3. 7/12 of 12 4. 2/3 of 12

5. 2/5 of 10 6. 2/3 of 9 7. 1/3 of 12 8. 5/6 of 12

9. 3/5 of 10 10. 2/4 of 16 11. 4/5 of 15 12. 3/8 of 16

Now You Try! Make up your own problem by adding a numerator to each problem.

13. ?/8 of 16 14. ?/9 of 36 15. ?/6 of 24 16. ?/8 of 32

EXPLAIN THIS TO YOUR PARTNER… LET ‘S TALK ABOUT MATH!

Can you see a pattern?

Try this…

1/4 of 12

2/4 or 1/2 of 12

3/4 of 12

4/4 of 12

Modeling Multiplication of Fractions Sheet
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The Tile Center Sheet

Pattern 1

How much is shaded?

Fraction: 

Decimal: 

Percent: 

Pattern 2

How much is shaded?

Pattern 3

How much is shaded?

Pattern 4

How much is shaded?

Pattern 5

How much is shaded?

Pattern 6

How much is shaded?

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

At the Tile Center all tiles are $1.60
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How much is shaded?

Fraction: 

Decimal: 

Percent: 

How much is shaded? How much is shaded?

How much is shaded? How much is shaded? How much is shaded?

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Fraction: 

Decimal: 

Percent: 

Custom Tiles Sheet
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How much is shaded? How much is shaded? How much is shaded?

How much is shaded? How much is shaded? How much is shaded?

Custom Tiles Sheet
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Fraction 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10

Can I 
change my 

denominator 
to 100?

How?

If no, how 
close can I get 

to 100?

How?

Multiply the 
numerator & 
denominator 
by the same 

number!

Fraction

Decimal

Percent

Estimating Equivalencies
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What Have I Done for the Past 24 Hours?
®

®

®

®

®

®

®

®

®

®

®

What Have I Done for the Past 24 Hours?
®

®

®

®

®

®

®

®

®

®

®
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Name  Partner 

 Situational Data
Directions: One partner will roll the dice and create a graph based on what was rolled, using 
the data for #1. The other partner will choose and create a different graph with the same data. 
After #1, the roles will reverse. Remember to title and label each graph!

1. A scientist made the following observations: 
Hour Microorganisms
1 2
2 4
3 8
4 16
5 32
6 128
7

How many microorganisms will there be in the 
7th hour? Graph your prediction.

2. Results of the boys’ high jump event at the 
track meet: 
Participant Height (feet & inches)
Jacob 4’ 10”
Cole 4’ 6”
Ben 3’ 10”
Jeff 2’ 10”
Kenny 4’ 8”
Rico 4’ 2”

3. Planet distances, in Astronomical Units 
(AU), from the Sun:
Planet Distance (AU)
Mercury 0.4
Venus 0.7
Earth 1.0
Mars 1.5
Jupiter 5
Saturn 10
Uranus 20
Neptune 30
Pluto (minor planet) 39.5



Utah State Office of Education/Utah State University A-25

Appendix

4. Growth of the Earth’s human population:

Year (A.D.)
Number of People 
(in billions)

1650 .50
1750 .70
1850 1.0
1925 2.0
1956 2.5
1976 4.0
1991 5.5
2000 6.0
2004 6.4

5. Major military and civilian casualties in 
World War II, by country:

Country Casualties
USSR 21,300,000
China 11,324,000
Germany 7,060,000
Poland 6,850,000
Japan 2,000,000
Yugoslavia 1,706,000
Rumania 985,000

6. Countries with the largest population:

Country Population
China 1,323,000,000
India 1,128,000,000
United States 303,000,000
Indonesia 231,000,000
Brazil 186,000,000
Pakistan 162,000,000
Bangladesh 158,000,000

Reflection:

1. Which graph was most useful overall? 

2. Which graph would be most effective for the data in #1 (time)? 

3. Which graph do you have a hard time understanding? 
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Choose _____ of the following situations and write your responses in your journal.  Please use at 
least one of the three types of heat transfer in each response.  

1. In the evening, snow falls on a cement sidewalk and on a black top playground.  Which 
surface will melt the snow faster and why? 

2. Two identical cups of hot cocoa are sitting on a table.  One has a metal spoon in it and 
one does not.  After five minutes, which cup is cooler?  

3. When a person steps from a shower on a cold morning, why does the tile floor seem so 
much colder than the air?

4. On a hot summer day, should you close all of the blinds and curtains in your home or 
leave them open?  Why?  

5. Although you do not touch the flames, your chest feels warm while you are sitting in 
front of a fireplace.  Why does your back still feel cold?

6. The outdoor temperature is 85°F, and your friend comes to school in a dark blue outfit.  
Was this a smart clothing choice for today?  Why or why not?

7. Why is your house warmer on the top floor and colder in the basement?

8. Your mom bakes a cake in a glass pan and you use a metal pan.  How does heat transfer 
affect each pan?

9. Explain how the following situation occurs using conduction, convection, and radiation:  
A pot of water boils on a hot stove.

10. Explain how the following situation occurs using conduction, convection, and radiation:  
On a hot day, an ice cream cone in your hand falls on the sidewalk and immediately 
begins melting.

Test Yourself:  Conduction, Convection, and 
Radiation
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Energy is the ability to do work.  Circle the option that you think uses the most energy.

1. All electric power plants or all U.S. cars?

2. Coal power plant or space shuttle?

3. 20 light bulbs or a horse?

4. The space shuttle or 50 airplanes?

5. A big ship or a big airplane?

6. An SUV or 100 horses?

7. 2,000 light bulbs or a small car?

8. On average, one American or two people from somewhere else in the world?

In your science journal, brainstorm a list of daily activities that use energy.  Try to think of at 
least ten.

Which Uses More Energy?

Energy is the ability to do work.  Circle the option that you think uses the most energy.

1. All electric power plants or all U.S. cars?  All U.S. cars (all U.S. cars = 7 times all power 
plants)

2. Coal power plant or space shuttle?  Space shuttle  (space shuttle = 14 plants)

3. 20 light bulbs or a horse?  20 light bulbs  (20 light bulbs = 2 horses)

4. The space shuttle or 50 airplanes?  Space shuttle  (space shuttle = 56 airplanes)

5. A big ship or a big airplane?  Big airplane  (4 airplanes = 5 ships)

6. An SUV or 100 horses?  SUV  (SUV = 160 horses)

7. 2,000 light bulbs or a small car?  Light bulbs  (car = 1,000 light bulbs)

8. On average, one American or two people from somewhere else in the world?  One 
American  (Americans use 5 times as much power:  100 light bulbs a year compared to 
20 light bulbs a year)

In your science journal, brainstorm a list of daily activities that use energy.  Try to think 
of at least ten.  These may include:  television, computer, lights, music players and other 
electronics, stove, oven, washer/dryer, car, bath, outside doors, thermostat, fireplace, 
windows, appliances, such as toaster, blow dryer, can opener, etc.

Which Uses More Energy? Answer Key
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Materials,
Time, & 
Degrees 

(F)

Control
Material 1

_________

Material 2

_________

Material 3

_________

Material 4

_________

Material 5

_________

Starting 
Temp

 
___ min

 ___ min

 
___ min

 ___ min

 ___ min

___ min

 ___ min

___ min
Change in 
temp from 

start to 
finish

Insulation Table

Insulation Graph

Te
m

pe
ra

tu
re

Time
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Bowls,
Time, & 
Degrees 

(F)

Large 
Bowl

Medium 
Bowl

Small 
Bowl

Large 
Bowl 2

Medium 
Bowl 2

Small 
Bowl 2

Starting 
Temp (in °)

___ min

___ min

___ min

___ min

___ min

___ min

___ min

___ min

Change in 
temp from 

start to 
finish

Goldilocks Table

Goldilocks Graphs

Time (minutes)Time (minutes)

Glass Bowls Tupperware Bowls

Te
m

pe
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tu
re

Te
m

pe
ra

tu
re
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King

Metric Measurement Steps

Henry does USUALLY

drink chocolate milk
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Name 

Metric Tic Tac Toe
Directions:  Find three equivalent measures in a row to complete a Tic Tac Toe.

5 kg 5000 g 50 hg

5 mg 5000 cg 5 g

5 hg 50 cg 500 cg

7 km 700 dam 7 m

7 m 70 cm 700 cm

7 cm 7 dam 70 dm

80 mL 8 kL 8 L

8 dL 80 cL 800 mL

800 L 80 hL 8 daL

2 kg 20 mg 20 g

20 hg 2 dag 200 g

200 dg 2 cg 2 hg

3 hm 30 cm 3000 m

30 m 30 dam 300 dam

300 cm 3 m 300 m

9000 L 90 hL 900 daL

90 L 90 daL 900 L

900 dL 9000 cL 9 kL
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Net of Cylinder
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Surface Area of Cylinder
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Find the surface area of the following cylinders:

Surface Area = 2πr² + 2πrh
Set 1- Doubling

Cylinder 1    Cylinder 2   Cylinder 3
       

r = 2 cm.    r = 4 cm.   r = 8 cm
h = 3 cm.    h = 6 cm.   h = 12 cm.

S = ________    S = ________   S = ________

What pattern is produced in the surface area as the radius and height of the cylinders in Set 1 
are doubled?  Explain your answer. 

What would the surface area be of a fourth cylinder in Set 1? 

Set 2 - Tripling

Cylinder 1    Cylinder 2   Cylinder 3
       

r = 2 cm.    r = 6 cm.   r = 18 cm.
h = 3 cm.    h = 9 cm.   h = 27 cm.

S = ________    S = ________   S = ________

What pattern is produced in the surface area as the radius and height of the cylinders in Set 2 
are tripled?  Explain your answer. 

What would the surface area be of a fourth cylinder in Set 2? 

Surface Area Patterns
Name 
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Paper Dimensions Height of Cylinder Which held more?

8 ½” x 11” 8 ½”

8 ½” x 11” 11”

Paper Dimensions Height of Cylinder Which held more?

8” x 9” 8”

8” x 9” 9”

		
Paper Dimensions Height of Cylinder Which held more?

6  ½” x 10” 6 ½”

6 ½” x 10” 10”

Paper Dimensions Height of Cylinder Which held more?

4” x 11” 4”

4” x 11” 11”

Volume Discoveries
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Effects On Volume
Find the volume of the following cylinders:

V = πr²h

Set 1

Control    Change height  Change radius
       

r = 4 cm.    r = 4 cm.   r = 5 cm
h = 5 cm.    h = 6 cm.   h = 5 cm.

V = ________    V = ________   V = ________

Set 2

Control    Change height  Change radius

r = 6 cm.    r = 6 cm.   r = 7 cm.
h = 3 cm.    h = 4 cm.   h = 3 cm.

V = ________    V = ________   V = ________

Question

Which produced a greater effect on the volume of a cylinder—changing the radius or 
changing the height?  Explain your answer. 

Name 
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Name 

Will You Be Wet or Dry?

1. Select a can from the teacher’s collection for your cooperative group to use for this 
activity.

2. Use a measuring tape to measure the diameter and height of the can to the nearest 
tenth of a centimeter.

  Diameter = ________________

  Height = __________________

3. As a group, determine the volume of the can based on your measurements.  You may 
refer to your math journals as needed.  Show your work below and explain how you 
found the volume of your can.  Make sure that your units are correct.  (Hint:  One 
cubic centimeter is the same as one milliliter.)

VOLUME = __________________________

4. Bring your can and your volume calculation to the teacher.  One member of your team 
will be selected to test your calculations.  The test will be done by having the teacher 
fill your can with water over the team member’s head.  Remember:  If you calculate too 
high of a number, the water will overflow on the person’s head.  If you calculate too 
low of a number, then all of the water will be dumped on the person’s head.


